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ABSTRACT 


A  comprehensive  computer  program  BCSORk  for  the  stress,  stability,  and 
vibration  analyses  of  segmented,  ring-stiffened,  branched  shells  of  revolution 
is  presented.  The  program  includes  nonlinear  prestress  effects  and  is  very 
general  with  respect  to  geometry  of  meridian,  shell  wall  design,  edge  condi¬ 
tions,  and  loading.  Despite  its  generality  the  program  is  easy  to  use. 

Branches  are  provided  such  that  for  commonly  occuring  cases  the  input  data  in¬ 
volve  only  basic  information  such  as  geometrical  and  material  properties. 

The  computer  program  has  been  verified  by  comparisons  with  other  known  solu¬ 
tions  and  test  results. 

This  manual  consists  of  several  sections  in  which  the  program  scope  is 
descrioed,  the  analysis  on  which  it  is  based  is  given,  the  flow  of  calcula¬ 
tions  :.s  outlined,  the  input  data  are  defined  with  sample  cases,  various  possi¬ 
ble  pitfalls  are  emphasized,  and  sample  list  and  plot  output  are  given  and  des¬ 
cribed  . 
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NOMENCLATURE 
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f.BJ 

C. ,  [c],  c 

•*-  tj 

L<1J 

E 


G 

[G] 

H 

h,  k 
I 


discrete  ring  cross-section  area 

kinematic  relations  in  finite  form,  Eq.  (8) 

constitutive  equation  coefficients ,  Eq.  (o),  or  Eq.  (15) 

radial,  axial  components  of  reference  surface  discontinuity  (Fig.  19) 

displacement  vector  [u,v,w] 

Y oung 1  a  mod ulus 

radial,  axial  components  of  discrete  ring  eccentricity  (Fig.  21) 
shear  modulus 

discrete  ring  constitutive  law,  Eq.  (69) 

radial  line  load  applied  at  discrete  ring  centroid  (Fig.  21) 
finite  difference  mesh  spacing  (Fig.  3) 
discrete  ring  moment  or  inertia  (subscripted) 


IF0INT 

15(1) 


J 


local  mesh  point  number  in  current  shell  segment,  JSEG 

quantity  of  v-mesh  points  in  Ith  segment,  not  including  "fictitious" 
points 

discrete  ring  torsion  constant 


[Kj],  [Kj,  [K^ ]  matrices,  Eq.  (37) 


K 

l 

M 


constraint  condition  multipliers,  Eq.  (h) 
length  of  finite  difference  element  (Fig.  3) 

line  moment  applied  at  discrete  ring  centroid  (Fig.  2l);  bending 
moment  resultants  (subscripted)  (Fig.  35) 

number  of  circumferential  waves;  also  n-axis  in  s-n  system 
(Fig.  20) 

in-plane  stx'ess  resultants  ( subscripted )  (Fig.  35 )  >  number  of 
circumferential  waves 

quantity  of  shell  segments 


xi 


NSEG 


IV  IV  P3 

[p] 

p 

i- 

H 

s 

S 

t 

T 

T  ,  T 
s  r 

u,  u 

U 

U  ,  U 
s  r 

U  U  . 
Pi  P2 

U 

c 

* 

V,  V 

* 

Wj  w 

6U,  6vj  6w 

x,  y 
x 

z 
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I  ~  I 

L  ^  J 


pressure  and  surface  traction  components  (Fig.  3^) 

"pressure -rotation"  matrix,  Eq.  (-42) 
normal  pressure,  positive  as  shown  in  Fig.  20 
dependent  variables  of  energy 
parallel  circle  radius,  Fig.  20 

radius  of  curvature  (subscripted),  (Figs.  20,  35) 
meridional  arc  length.  Aj.so  s-axis  in  s-n  system  (Fig.  2l) 
shear  force/length  applied  to  discrete  ring  axis  (Fig.  21.) 
shell  thickness 

temperature  rise  above  zero-stress  state 
kinetic  energy  oi  shell,  ring 
meridional,  axial  displacement  (Fig.  20 ) 
total  potential  energy 
strain  energy  of  shell,  ring 

potential  energy  of  line  loads,  distributed  loads 
constraint  "energy" 

circumferential  displacement  (Fig.  35) 
normal,  radial  displace nnnt  (Fig.  20) 
infinitesimal  variations  in  u,  v,  w 

axis  system  attached  to  discrete  ring  centroid  (Fig.  21) 
also  denotes  eigenvector 

distance  from  reference  surface,  positive  outward  (Fig.  35) 

coefficient  of  thermal  expansion 

rotation  around  normal,  Eq.  (4o),  (Fig.  35) 

0  if  i  /  j  :  1  if  i  =  j 

reference  surface  strains  (subscripted)  Eq.(o) 
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H 


*1 

X 

o 
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T 
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Subscripts 


c 


r 

i 

LIN 

min,  max 
n 

NL 

P 

r 


discrete  ring  strain  vector,  Eq.  (67) 

Lagrange  multipliers  for  constraint  conditions 

eigenvalue  for  bifurcation  buckling 

constraint  condition  vector,  Eq.  (k) 

reference  surface  changes  in  curvature;  discrete  ring 
axis  changes  in  curvature 

eigenf requeney 

rotation  about  meridian,  (Fig.  3b) >  Eq.  (4d) 

derivative  of  total  potential  energy  U  with  respect  to  q. 

rotation  of  meridian,  (Fig.  £0),  Eq.  (i6) 

discrete  ring  material  density  {lb/in^) 

normal  stress 

shear  stress 

circumferential  coordinate 
Poisson's  ratio 

discrete  ring  centroid.  Displacements  u  ,  v  ,  w  shown  in 
Fig.  23.  c  e  c 

"fixed"  quantity 

ith  mesh  point 

including  cn3.y  terms  linear  in  displacements 
minimum,  maximum 

circumferential  wave  number;  also  11-axis  in  s-n  system  (Pig. 

including  only  terms  nonlinear  in  displacements 

polar 

discrete  ring  quantity 

xiii 


V 


■  'V  '  ■«■.***•■*- 


:  gwgari5giw^» 


■-ta 


s  shell,  or  with  respect  to  axis  parallel  to  shell  meridian, 

or  portion  of  strain  independent  of  prestress 

t  differentiation  with  respect  to  time 


x,  y,  xy 
0,  o 
1,  2 
12 


variable  quantity 

with  respect  to  x-y  system  (Figs.  20,  21) 
prebuckling  quantity 

meridional,  circumferential  directions 
shear,  twist 


Superscripts 

f 

ff 

w 

fv 

T 

v 

+>  - 
(  )' 

(  )' 

* 

0 

1 


"fixed"  quantity 

prestress  strain  terms  quadratic  in  "fixed"  displacements 

prestress  strain  terms  quadratic  in  "variable"  displacements 

prestress  strain  terms  involving  cross-products  between 
’■fixed"  and  "variable"  displacements 

transpose,  thermal  effect 

"variable"  quantity 

meridional  discontinuity  (Fig.  20) 

differentiation  with  respect  to  circumferential  coordinate  0 
differentiation  with  respect  to  meridional  arc  length  s 

-X- 

axial,  radial  system  (u  ,  w  ,  for  example,  Fig.  20 ) 

prestress  state  (zeroth  order  in  variations  £u,  fiv,  &w) 

first  order  variations  (linear  in  £u,  £v,  6'w),  or  first  order 
(linear)  pre stress  terms 

second  order  variations  (quadratic  in  £u,  £v,  £w),  or  second 
order  (quadratic)  prestress  terms 
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THE  SCOPE  OF  THE  B0S0Rt  COMPUTER  PROGRAM 


1 .0  Introduction 

Tne  B0S0R4  computer  program  was  de\eloped  in  response  to  the  need  for 
a  tool  which  would  help  the  engineer  to  design  practical  shell  structures . 

An  important  class  of  such  shell  structures  includes  segmented,  ring-stiffened 
branched  shells  of  revolution.  These  shells  may  have  various  meridional 
geometries,  wall  constructions,  boundary  conditions,  ring  reinforcements,  and 
types  of  loading,  including  thermal  loading.  An  example  is  shown  in  Fig.  1. 
The  meridian  of  the  shell  of  revolution  consists  of  six  segments  with  various 
geometries  and  wall  constructions.  The  first  segment  (nearest  the  bottom, 
end  "A")  .is  a  monocoque  ogive  with  variable  thickness;  the  second  is  a  conical 
shell  with  three  layers  of  temperature-dependent,  orthotropic  material;  the 
third  is  a  layered,  fiber -wound  cylinder;  the  fourth  is  a  toroidal  segment 
with  eccentric  rings  and  stringers;  the  fifth  is  a  spherical  segment  with 
eccentric  rings  and  stringers;  and  the  sixth  is  a  flat  plate  with  sandwich 
construction  and  eccentric  meridional  stiffeners.  The  reference  surface  is 
indicated  by  the  dark  dash-dot  line •  It  is  seen  that  the  meridian  of  the 
composite  shell  structure  is  discontinuous  between  the  first  and  second 
segments,  the  second  and  third  segments,  and  the  third  and  fourth  segments.  ■ 

In  the  analysis  these  discontinuities  are  accounted  for.  The  shell  is 
supported  nt  the  end  "A"  by  a  ring  whir'll  is  restrained  as  shown;  displace-  ! 

•fa  -fa  I  ^ 

merits  u  and  w  are  not  permitted  at  the  point  "A",  which  is  located  a  j 

I 

specified  distance  from  the  beginning  of  the  reference  surface .  In  the 
analysis  of  actual  shell  structures  it  is  important  that  support  points, 
Junctures,  and  ring  reinforcements  be  accurately  modeled.  Seemingly  in¬ 
significant  parameters  sometimes  have  a  large  effect  on  the  stress,  buckling 
loads,  and  vibration  frequencies.  The  shell  is  reinforced  by  6  rings  of 
rectangular  cross-section,  the  centroids  of  which  are  shown  in  the  figure. 
These  -Infis  are  treated  as  discrete  elastic  structures  in  the  analysis.  The 
she]  is  submitted  to  uniform  external  pressure  (not  shown),  line  loads 
applied  at  the  first  and  second  rings,  and  the  thermal  environment  depicted 
nn  i.Vip  second  segnjsnt . 


Figure  2  shows  a  branched  shell  typical  of  a  submarine  pressure  hull. 
The  hull  contains  three  bulkheads  which  are  treated  as  shell  branch  segments 
©)  >  CD  ■’  an<*  ©  •  The  hull  i£  reinforced  by  T -section  heavy  frames 
which  can  be  treated  as  discrete  rings  or  branches  from  the  main  shell. 
Arrows  show  increasing  arc  length,  s. 


The  B,CS0R4  program  is  very  general  with  respect  to  the  type  of  analysis 
which  it  will  perform.  Depending  on  the  value  of  a  control  int'  the  pro¬ 

gram  will  calculate  axisymmetric  stresses  and  displacements  frc  .onlinear 
theory  for  a  series  of  step-wise  increasing  thermal  or  mechanical  loads;  will 
determine  critical  loads  cori’esponding  to  axisymmetric  collapse;  will  deter¬ 
mine  buckling  loads  corresponding  to  nonsymmetric  buckling  modes  for  a  range 
of  circumferential  wave  numbers,  seeking  the  minimum  load;  will  calculate 
vibration  frequencies  of  prestressed  shells  corresponding  to  axisymmetric 
and  nonsymmetric  modes;  will  calculate  displacements  and  stresses  in  non- 
symmetrically  loaded  shells,  and  will  calculate  buckling  loads  of  ncnsym- 
metrically  loaded  shells.  The  program  is  an  extension  of  the  programs  B(6sj6r, 
B/>Sj6r2,  and  Bj6sj6R3  described  in  Refs.  1,  2,  and  3;  respectively. 

Other  computer  programs  have  also  been  written  for  the  analysis  oi  shells 
of  revolution.  In  his  computer  analysis  Cohen  (Ref.  4)  uses  a  step-by-step 
numerical  integration  technique  to  calculate  buckling  loads  of  ring-stiffened 
orthotropic  shells  of  revolution.  Kalnins  (Ref.  9)  employs  a  similar  method 
to  calculate  nonsymmetric  deformations  of  segmented  shells  of  revolution  sub¬ 
mitted  to  nonsymmetric  loads.  Percy,  Piun,  Klein,  and  Navaratna  (Ref.  6)  use 
the  finite  element  method  for  the  linear  stress  analysis  of  general  shells 
of  revolution.  Nuvaratna,  Finn,  and  Witmer  (Ref.  '[)  extend  the  analysis  of 
Ref.  b  to  treat  buckling  of  shells  of  revolution.  The  work  of  Refs.  6  and  '[ 
led  to  a  series  of  computer  programs  under  the  nanse  SABQR.  The  latest  program 
in  this  series,  SAB0R9 -DRASTIC,  is  documented  in  Ref.  8.  Other  computer  pro¬ 
grams  on  stress,  buckling  and  vibration  of  shells  of  revolution  have  been 
written  by  Fulton  and  his  co-workers  (Ref.  9)  • 

The  assumptions  upon  which  the  B0S0R4  code  is  bused  are: 


1.  The  material  is  elastic . 

P.  Thin  shell  theory  is  valid,  that  is,  normals  t.o  the  undeformed  surface 
remain  normal,  and  undeformed. 
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3 •  The  structure  Is  axi symmetric ,  Rnd  in  vibration  analysis  and  nonlinear 
stress  analysis  the  loads  and  prebuckling  or  prestress  deformations 
are  axisyrnmetric . 

The  prebuckling  deflections,  while  considered  finite,  are  moderate . 

That  is,  the  square  of  the  meridional  rotation  can  be  neglected 
compared  to  unity. 

5-  In  the  calculation  of  displacements  and  stresses  in  nonsymmetrically 
loaded  shells,  linear  theory  is  used.  This  branch  of  the  program  is 
based  on  standard  small-deflection  analysis . 

6.  A  typical  cross -sect,  I  on  dimension  of  a  ring  stiffener  is  small  compared 
to  the  radius  of  the  ring.  '  " 

7 •  The  cross-sections  of  the  rings  remain  undeformed  during  the  deforma¬ 
tions  of  the  structure,  and  the  rotation  about  the  ring  centrojd  is 
equal  to  the  rotation  of  the  shell  meridian  at  the  attachment  point  of 
the  ring.  (Except,  of  course,  if  the  ring  is  treated  as  a  shell  branch.) 

6.  The  ring  centroids  coincide  with  the  ring  shear  centers. 

9.  If  meridional  stiffeners  are  present,  they  are  numerous  enough  to 

include  in  the  analysis  by  an  averaging  or  "smearing”  of  their  prop¬ 
erties  over  any  parallel  circle  of  the  shell  structure. 

One  of  the  more  important  extensions  of  the  analysis  of  Kef.  i  is  the 
capability  of  treating  branched  shells.  This  extension  permits,  for  example, 
the  analysis  of  pressure  hulls  witii  bulkheads;  the  treatment  of  ring-stiffened 
shells  as  shells  witii  branches,  thus  accounting  for  the  deformation  of  ring 
cross-sections;  and  the  investigation  of  double-hulled  vessels. 

Two  additional  imp o ’taut  extensions  of  the  analysis  include  variable  mesh 
point  spacing  within  each  shell  segment  and  a  reformulation  of  the  buckling 
eigenvalue  problem  to  account  for  prebuckling  shape  change  of  the  shell  in 
linear  buckling  analyses. 

The  B0S0RI  code  is  easy  to  use  yet  very  general  with  respect  to  the 


1. 

Type  of 

analysis  tc  be  performed 

2. 

Geometry  of  the  snell  meridian 

3- 

Type  of 

wall  construction 

k  . 

Type  of’ 

boundary  conditions  and  ring  supports, 

i. 

J  • 

Type  of 

loading 

and  branching  conf iguration 


1.1  Types  of  Analyses 

The  program  can  perform  various  types  of  analyses  (see  Fig.  24a).  The 
choice  of  analysis  is  governed  by  an  integer  INDIC.  The  overall  control  in 
the  program  depends  on  this  integer.  The  rel.ationship  between  INDIC  and  the 
type  of  analysis  to  be  performed  is  as  follows: 


INDIC  =  -2 


-1 


0 


1 


,  Stability  determinant  calculated  for  given  circumferential 
wave  number  N  for  increasing  loads  until  it  changes 
sign.  Nonlinear  prebuckling  effects  included.  INDIC 
then  changed  automatically  to  -1  and  calculations  pro¬ 
ceed  as  if  INDIC  has  always  been  -1.  (See  INDIC  =  -1 • ) 

See  Table  10,  Fig.  3&;  Page  A 93  -  A 101  for  sample  case. 

.  Buckling  load  and  corresponding  wave  number  N  deter¬ 
mined,  including  nonlinear  prebuckling  effects.  Initial 
load  estimate  and  range  of  N  provided  by  user.  N 
corresponding  to  local  minimum  critical  load  is  auto¬ 
matically  sought.  See  Table  3,  Fig.  2 J,  Pages  Alt  - 
A29  for  sample  case . 

.  Axisymmetric  stresses  and  displacements  calculated  for 
a  sequence  of  stepwise  increasing  loads  from  some  start¬ 
ing  value  to  some  maximum  value,  including  nonlinear 
effects.  Axisymmetric  collapse  loads  can  be  calculated. 
See  Table  6,  Fig.  28,  Pages  A30  -  A38  for  sample  case. 

.  Buckling  loads  calculated  with  linear  bending  theory 
for  the  prebuckling  analysis.  Buckling  loads  calculated 
for  some  range  of  wave  numbers.  Several  buckling  loads 
for  each  wave  number  can  be  calculated.  N  correspond¬ 
ing  to  minimum  critical  load  is  not  sought  automatically, 
however.  See  Table  4,  Fig.  26,  Pages  A1  -  A13  for  sample 
case . 


2  .  .  .  Vibration  frequencies  calculated,  including  the  effects 

of  prestress  obtained  from  nonlinear  analysis,  for  a 
range  of  wave  numbers.  See  Table  8,  Fig.  30;  Pages 
A^8  -  A79  for  sample  case. 

3  .  .  .  Nonsymmetric  stress  and  displacements  calculated  for  a 

range  of  wove  numbers  for  nonr.yiranetrically  loaded  shell. 
Linear  theory  used.  See  Table  7,  Fig.  29,  Pages  A38  - 
AS6  for  sample  case  . 

4  .  .  .  Buckling  louds  calculated  for  nonsymmetrically  loaded 

shells.  Prebuckled  state  obtained  from  linear  theory 
or  read  in  directly.  "Worst"  meridional  prestress  dis¬ 
tribution  assumed  axisymmetric  in  stability  calculations. 
Qr* ypiT’tt i  buck!  1iiit  loads  i  cr  sscli  v/hyo  luimbsi*  1!  enn  be 
calculated.  N  corresponding  to  minimum  critical  load 
not  sought  automatically.  See  Table  9;  Fig.  31;  Pages 
A 7 9  -  A 92  for  sample  cusc . 
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1.2  Geometry  of  the  Meridian  of  Each  Segment 


The  entire  shell  structure  consists  of  a  number  of  shell  segments  joined 
together  in  series  or  branched.  The  reference  surfaces  of  adjacent  segments 
need  not  be  continuous,  as  seen  in  Fig.  1.  Both  axial  and  radial  discontinu¬ 
ities  are  permitted.  In  the  determination  of  the  geometry  parameters  of  each 
segment  flexibility  is  provided  through  a  "computed  GO  TO"  statement,  in  which 
control  is  referred  to  various  subroutines  called  GEQM1,  GE0M2,  etc.  Each  of 
these  subroutines  calculates  geometry  parameters  r,  r',  l/R^,  l/R^,  and 
(l/R^) '  (Fig.  20)  as  functions  of  meridional  arc  length,  s.  For  example, 

GEQM1  corresponds  to  cylindrical  or  conical  shells  or  flat  circular  plates; 
GE0M2  corresponds  to  spherical,  toroidal,  ogival  segments;  and  GE0M4  corres¬ 
ponds  to  general  meridional  shapes.  Additional  shell  types  can  be  accommo¬ 
dated  by  the  insertion  of  other  subroutines  to  calculate  parameters  for  a 
specific  geometry  where  dunriies  are  now  provided.  Reference  surfaces  can  be 
located  anywhere  inside  or  outside  the  shell  walls.  For  the  purpose  of  sign 
convention,  the  shell  is  always  depicted  with  the  axis  oriented  vertically 
and  the  meridian  on  the  right-hand  side  of  the  axis,  as  shown  in  Figs.  1,  2 
and  33-33. 

The  geometry  parameters  r,  r',  l/R^,  l/R2,  and  (l/R^)'  refer  to  a 
reference  meridian,  which  need  not  be  the  "middle"  surface.  Figure  33  shows 
several  shapes  for  which  special  branches  are  provided.  Figure  34  shows  a 
variable  thickness  shell  with  the  reference  surface .  Appropriate  input  data 
determine  the  geometry  of  the  reference  surface.  Additional  input  data  ore 
required  for  determination  of  the  location  of  the  material  of  the  shell  wall 
relative  to  the  reference  surface.  An  example  of  these  data  is  given  in 
Fig.  34.  ZVAL(K)  is  positive  if  at  the  callout  point,  IZVAL(K),  material 
exists  on  our  left -hand-side  if  we  face  in  the  direction  of  increasing  arc 
length  s.  (Arc  length  s  is  measui'ed  along  the  reference  meridian.)  The 
sketches  below  illustrate  this  sign  convention. 


0 

0 

0 

0 


The  concept  of  "inner"  and  "outer"  surface  is  not  genera]  enough  for 
proper  application  of  Bgis^RU .  However,  stresses  are  so  labeled  in  output 
lists  and  plots.  The  user  will  interpret  this  output  correctly  if  he  trans¬ 
lates  "inner"  as  "left-most  surface"  and  "outer"  as  "right-most  surface", 
in  which  "left"  and  "right"  are  referenced  to  the  direction  of  increasing 
arc  length  s.  For  example,  in  the  above  right-hand  figure  for  the  ZVAL 
sign  convention,  the  "inner"  surface  in  the  sense  just  described  is  actually 
the  outer  surface  in  a  physical  sense.  For  simple  problems  the  user  is  ad¬ 
vised  to  follow  the  convention  shown  in  the  left-hand  figure  above.  In¬ 
creasing  s  is  in  the  "northeastward"  direction.  Then  "inner"  and  "outer", 
as  defined  precisely,  generally  coincide  with  the  simple  physical  connotation. 


1.3  Wail  Construction  of  Each  Segment 

With  regard  to  type  of  wall  construction,  the  following  special  branches 
calling  for  simple  input  data  are  provided: 

1.  Monocoque  shells 

2.  Snells  with  skew  stiffeners 

3-  Fiber-reinforced  shells  laid  up  in  layers  (fiberglas) 

4.  Layered  sh^'l0  with  orthotropic  layers 
'j .  Corrugated  shells 

6.  Shells  with  one  corrugated  and  one  smooth  skin 
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7-  Layered  shells  with  orthotropic  layers,  each  layer  oi  which 
has  temperature -dependent  material  properties. 


Any  of  these  types  of  shells  can  be  reinforced  by  two  types  of  stiffeners: 

(l)  rings  and  stringers  which  are  "smeared  out"  in  the  analysis  (as  in  the 
analysis  of  Ref.  10)  and  (2)  by  the  addition  of  rings  which  are  treated  as 
disci'ete  elastic  structures.  In  Ref.  10  the  B0S0R2  program  is  used  to  cal¬ 
culate  buckling  loads  of  externally  pressurized  cylinders  reinforced  by  many 
small  rings,  which  are  "smeared  out"  in  tue  analysis,  and  by  large  frames 
which  are  treated  as  discrete  elastic  structures.  A  test  case  in  this  manual 
provides  an  additional  example .  The  shell  wall  properties  are  permitted  to 
vary  along  the  meridian.  The  "smeared"  ring  and  stringer  properties  are  also 
permitted  to  vary  along  the  meridian.  A  structure  composed  of  many  segments 
can  be  analyzed,  and  the  properties  of  each  shell  segment  are  independent  of 
those  of  the  other  segments .  The  structure  of  a  typical  input  deck  is  shown 
in  Fig.  2^. 

Iri  B0S0R4  the  wall  properties  of  each  segment  are  determined  in  one  of 
the  subroutines  CFB1,  CFB2,  etc.  Each  of  these  subroutines  calculates  the 
coefficients  CM.  of  the  constitutive  equations  for  a  given  type  of  shell 
waj.l  construction.  Additional  wall  constructions  can  be  accommodated  by  the 
insertion  of  appropriate  subroutines.  Details  of  the  derivation  of  the  co¬ 
efficients  of  the  constitutive  equations  are  given  in  Ref.  3,  Ref.  11,  and 
in  the  list  of  the  B0S0R4  program  itself1. 


The  coefficients 
equation : 


of  the  constitutive  equations  are  defined  by  the 
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A  composite  shell  structure  is  shown  in  Fig.  1.  In  this  example  the  shell 
is  composed  of  six  segments,  has  a  ring  support  at  A,  and  is  free  at  p.  There 
are  also  intermediate  ring  supports  as  shown.  These  rings  are  treated  as  dis¬ 
crete  elastic  structures,  and  the  ring  equations  developed  by  Cohen  (Ref,  4) 
are  used.  Figure  21  is  a  schematic  of  an  arbitrary  discrete  ring  considered 
to  be  attached  to  the  reference  surface  at  the  point  so  labeled.  The  ring 
centroid  is  located  a  radial  distance  and  axial  distance  e^  from  the 

attachment  point.  These  components  and  of  ring  "eccentricity"  are 
positive  as  shown.  Their  sign,  incidentally,  does  not  depend  upon  the  direction 
in  which  the  arc  length  s  is  traversed,  but  only  upon  the  relative  positions 
of  the  attachment  point  and  the  centroid.  Similar  comments  apply  to  discrete 
rings,  the  eccentricity  of  which  is  specified  by  Z^  and  Sc  ,  shown  in 
Fig.  21(b). 


Displacement  constraints  in  addition  to  those  associated  with  ring  supports 
are  treated  somewhat  differently  in  B0S0R4  than  they  are  in  B0S0R3  (see  dis¬ 
cussion  on  pages  1-7  and  1-8  of  Ref.  3).  The  Lagrange  multiplier  method  is 
still  used  and  the  constraint  conditions  still  apply  to  the  global  displace- 

■K-  ^ 

ment  components  u  ,  v  ,  w  ,  and  x  (Fig-  19)-  However,  introduction  of 

branched  shells  adds  another  dimension  to  the  definition  of  the  constraint 

conditions.  Figure  2  con  be  used  as  an  example.  Table  1.1  shows  the  input 

data  pertaining  to  the  constraint  conditions  corresponding  to  Fig.  2.  Each 

segment  has  15  mesh  points.  Three  groups  of  data  appear  for  each  input  card: 

*  *  * 

location  of  constraint,  which  of  the  global  variables  u  ,  v  ,  w  ,  and  x  are 
involved,  and  the  radial  and  axial  components  of  rei'erence  surface  discontinuity, 
D1  and  D2  (d,  and  d0  in  Fig.  19).  For  example,  the  lest  card  reads  ''Segment  8 
point  15  connected  to  Segment  8  point  15;  u  ,  v  ,  w  ,  x  are  constrained; 
zero  discontinuity".  This  card  illustrates  the  treatment  of  a  boundary 
condition .  The  second  card  represents  a  .juncture  compatibility  condition. 

The  location  of  pole  conditions  (r=0)  must  be  specified  by  the  user,  but 
the  appropriate  displacement,  constraints  depend  on  circumferential  wave 
number  n  ,  and  these  are  automatically  generated  internally.  Hence,  the 
integers  in  columns  18,  24,  30  and  38  of  the  first,  fourth  ,  eighth,  and 
eleventh  "cards"  in  Table  1.1  are  ignored  by  the  program.  Assignment  of 


unity  in  the  columns  labeled  u  ,  v  ,  w  ,  y  means  the  oorrea ponding  global 
displacement  component  is  constrained  er  is  invo]yed  in  a  Juncture  condition . 
Zero  denotes  no  constraint  or  .juncture  continuity  condition. 

Figure  19  shows  a  meridional  discontinuity  (o)  and  boundary  support 
points  at  the  beginning  of  a  segment  and  at  the  end  of  a  segmenL  (b). 

In  Fig.  19(e) : 

1)  and  d0  are  positive  as  shown  if  J  >  0 

2)  d.  and  d0  are  negative  as  shown  if  J  <  0 

This  sign  convention  thus  depends  only  on  the  relative  numbering  of  the  segments 
involved  in  the  junction.  It  does  not  depend  on  the  direction  of  increasing 

arc  length  s.  Ror  does  it  depend  on  whether  the  user  specifies  "Segment 

ISEG  is  connected  to  segment  ISEG  +  J"  or  "Segment  ISEG  J  is  connected  to 
ISEG".  In  Fig.  19(b)  the  "discontinuities"  d^  and  dQ  are  positive  as  shown 
independent  of  the  direction  of  increasing  arc  length  s . 

The  treatment  of  cases  in  which  stability  or  vibration  constraint  con¬ 
ditions  arc  different  from  prestress  conditions  is  described  in  the  section 
on  input  data.  For  example,  anti symmetrical  behavior  at  symmetry  planes  of 
a  shell  is  permitted  through  the  introduction  of  additional  constraint  con¬ 
dition  cards,  as  described  on  Page  B-3- 

Rigid  body  modes  are  prevented  by  the  user  through  introduction  of 
appropriate  input  as  described  in  the  input  data  section  (Page  B-3)- 
Of  course,  these  additional  input  data  are  required  only  in  cases  involving 
n  =  0  or  n  =  1,  in  which  rigid  body  motion  is  possible  because  of  the  ab¬ 
sence  of  certain  constraints.  Examples  of  rigid  body  modes  are  shown  in 
the  sketch  below.  There  are,  of  course,  six  possible  rigid  body  inodes, 

%  % 


Translation 
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Rotation 


three  translational  and  three  rotational-  Two  of  these  modes  correspond  to 
sxi symmetric  motion  (n  -  0)  and  four  to  motion  involving  one  circumferential 
"wave"  (n  -  l).  If  n  =  0  or  n  =  1  are  involved  in  eitner  the  prestress 
or  the  eigenvalue  analysis,  and  if  the  constraint  conditions  already  intro¬ 
duced  by  the  user  permit  rigid  body  motion,  the  user  must  provide  two  addi¬ 
tional  constraint  condition  cards,  one  which  prevents  the  n  -  0  rigid  body 
modes  and  the  other  which  prevents  n  -  1  rigid  body  modes.  These  additional 
constraint  conditions  (called  IST0FO(l)  and  IST0Pl(l)  on  Page  B-3)  must 
correspond  to  a  location  in  the  structure  at  which  a  constraint  condition, 
IFIX,  has  already  been  introduced,  but  they  may  not  be  introduced  at  a  pole 
(r  -  0) -  II  may  be  necessary  on  occasion  to  introduce  a  "fictitious"  IFIX 
constraint  condition  (location,  but  no  constraint) 

(Seg,Pt)  (Seg,Pt)  u*  v*^  w*  x 
e-g:  IFIX  =  J015,  103  5,.  v0  ,  0,0  ,  0^ 

location  constraint 

in  order  to  be  able  to  provide  appropriate  constraints  against  rigid  body 
movements . 

f  IST0PO  -  1015  ,  i01|;  ,  1  ,  1  ,  0  ,  0 
o-g:  j 

^IST0Pi  =  1015  ,  1015  ,  0  ,  0  ,  1  ,  1 

The  above  example  would  apply  to  a  buckling  analysis  of  a  free  hemisphere. 

In  the  B0S0Rh  program  the  constraint  conditions  IST0PO  are  only  applied  if 
n  =  Oj  IST0P1  are  only  applied  if  n  —  1 .  They  are  released  automatically 
for  all  other  values  of  n.  It  is  up  to  the  user  to  provide  adequate  con¬ 
ditions  to  prevent  rigid  body  motions,  while  not  introducing  additional 
"fictitious "  structural  stiffness.  The  sample  case  involving  vibration  of 
a  free  hemisphere  (Table  8,  pages  A58-A/5)  demonstrates  the  appropriate  use 
of  rigid  body  mode  constraints. 

There  are  certain  limitations  on  the  types  of  branching  permitted  by 
the  BOSOR^  code.  The  sketches  below  illustrate  branch  conditions,  which 
if  provided  as  input  to  B0S0R4,  will  elicit  the  message  "Constraint  condition 
number  K  illegal.  See  User's  Manual  for  fix." 
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The  encircled  numbers  rei'er  to  segment  numbers.  These  same  configurations 
can  be  modeled  successfully,  however,  with  appropriate  changes  in  segment 
numbering  and  mesh  points,  as  illustrated  below: 


1 . 5  Loading 

Mechanical  or  thermal  line  loads  or  distributed  loads  (pressures)  are 
permitted  in  the  analysis .  These  loads  may  be  axisymmetric  or  may  vary 
around  the  circumference •  The  pressures  and  temperatures  may  vary  along 
the  meridian  as  well  as  around  the  circumference,  and  the  temperature  may 
vary  through  the  thickness .  In  cases  involving  nonsymmetric  loading  a 
linear  analysis  is  used.  The  program  finds  the  Fourier  series  for  the 
loads,  calculates  the  shell  response  in  each  harmonic  to  the  load  com¬ 
ponents  with  that  harmonic,  and  superposes  the  results  for  all  harmonics. 

The  superposed  displacements  and  stress  resultants  are  printed  and  plotted 
for  selected  meridional  and  circumferential  stations.  Line  loads  and  moments 
are  assumed  to  be  applied  at  ring  centroids.  Thermal  line  loads  arise  from 
the  presence  of  discrete  rings  which  may  he  beaten  above  their  zero-stress 
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states.  Distributed  thermal  loads  arise  from  temperature  distributions 
over  the  shell  surface  and  through  the  shell  well  thickness .  It  is  em¬ 
phasized  that  the  input,  temperature  is  "delta  T",  that  is  the  rise  in  tem¬ 
perature  above  the  zero-stress  state,,  not  the  absolute  temperature . 

As  seen  from  Fig.  25,  which  shows  a  schematic  of  a  B0S0R1  input  data 
deck,  there  are  four  groups  cf  input  cards  corresponding  to  four  different 
classes  of  loads: 

1.  Line  loads  at  discrete  rings 

2.  Thermal  line  loads  at  discrete  rings 

3.  Pressure  and  surface  tractions  distributed  over 
shell  surface 

4.  Temperature  distribution  through  thickness  and  over 
shell  surface 

In  addition,  there  are  two  cards  among  the  first  group,  labeled  "General  Input" 
in  Fig-  23,  which  control  the  loading  under  certain  circumstances.  These  two 
cards  contain  load  factors  P,  DP,  TEMP,  and  DTKMP.;  and  load  range  delimiters 
FSTAltT,  FMAX,  and  DF . 

In  many  cases  a  load  is  represented  in  the  BpS0R^  program  as  a  product 
oi  quantities.  For  example,  the  initial  normal  pressure  in  a  nonlinear 
a;  isymmetric  stress  analysis  (INDIC  =  0)  is  represented  as  a  product  of  a 
1  actor  P  and  a  meridional  distribution  PN(s).  The  normal  pressure  ampli¬ 
tude  for  each  harmonic  in  a  linear  nonsymmetric  stress  analysis  (INDIC  =3) 
is  represented  us  a  product  of  a  meridional  distribution  PN(s)  and  a  cir¬ 
cumferential  harmonic  amplitude  PDlSTl(n). 

Table  1.2  gi ves  a  summary  of  load  magnitudes  for  the  four  classes  of 
loads  and  the  seven  types  of  analysis  (INDIC).  Definitions  of  the  variables 
in  Table  1.2  appear  on  Pages  B-9,  B-ll,  B-13,  and  B-15-  The  sign  convention 
for  the  loads  is  shown  in  Fig.  21  and  summarized  in  Table  1.3-  A  negative 
normal  pressure,  for  example,  could  be  provided  as  input  data  for  a  nonlinear 
stress  analysis  (INDIC  =  0)  either  with  P  <  0.0  and  PN(s)  >0.0  or  with  P  >  0.0 
and  PN(s)  <0.0.  A  similar  consideration  holds  for  the  other  products  shown 
in  Table  1.2. 

Two  types  of  loads  are  specified  in  Table  1.2,  an  ini tie]  or  fixed  type 
and  an  incremental  or  eigenvalue  type.  The  appropriate  use  of  these  two 

types  of  loads  for  various  kinds  of  analysis  (INDIC)  is  best  communicated 
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by  an  example.  The  sketch  below  shows  a  clamped  spherical  segment,  subjected 
to  a  combination  of  axial  compression  V  and  norma]  pressure,  p. 


Also  shown  are  typical  loud -deflection  curves  from  linear  (A)  and  nonlinear 
(B)  theory.  Suppose  that  it  is  desired  to: 

1.  Calculate  the  nonlinear  axisymmetric  behavior  (B)  (INDIC  -  0) 

P,  Calculate  the  bifurcation  load  D  (INDIC  -  -l) 

3-  Calculate  the  bifurcation  loads  C  and  E  (.INDIC  =  l) 

1+ .  Calculate  vibration  frequencies  for  given  Vq  and  p ^  (INDIC  -  2 ) 

[■> .  Calculate  linear-theory  stress  with  symmetric  or  nonsymmetric  V  and  p 

(INDIC  -  3) 

b.  Calculate  linear-theory  bifurcation  with  symmet.i  ic  or  nonsymmetric 
V  and  p  (INDIC  =  h) 

7.  Calculate  the  stability  determinant  as  a  function  of  load,  nonlinear 
theory  (INDIC  -  -?) 

Let  us  suppose  for  the  moment  that  p  is  known  and  fixed  at  p  =  -10  pi  si 

(uniform)  and  tliat  we  wish  to  investigate  the  above  behavior  with  V 

unknown.  All  loads  are  assumed  to  be  axisymmetric  in  this  example.  The 
scale  0  to  40  in  the  above  sketch  refers  then  to  V,  and  the  characteristics 
of  the  curves  A  and  B  and  location  of  the  points  C  and  D  depend  on  the 
specified  pressure  p  as  well  as  on  the  geometry,  boundary  conditions, 
and  materia]  p>rop>erties  . 
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The  table  below  shows  appropriate  example  values  of  the  load  input  data 
for  BOSOR4  for  the  seven  types  of  analysis  listed  above  .  The  same  data  names 
are  given  in  Table  1.2. 


INDIC 

P 

DP 

v(l) 

DV(l) 

pn(j) 

1 

O 

—C- 

-10.0 

0. 

0. 

-5.0 

+1.C 

-1 

-10.0 

0. 

-15.0 

-1.0 

+1.0 

0 

-10.0 

0. 

o. 

1 

-5.0 

+1.0 

1 

-10.0 

0. 

o. 

-1.0 

+1.0 

2 

-10.0 

0. 

\T 

V  <  F 

o. 

+1.0 

1 

o 

3U 
.  d 

0. 

0. 

Vo 

0. 

-10.0 

4 

0. 

0. 

v0 

0. 
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not  applicable 
not  applicable 
not  applicable 
not  applicable 
not  applicable 
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riot  applicable 
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not  applicable 
not  applicable 
not  applicable 
not  applicable 
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MOTES;  See  page  B-3  for  definitions  of  load  range  delimiters  FSTART,  FMAX,  DF . 

toF  =  collapse  load  of  spherical  segment-  V  Is  fixed  and  known  in 
this  case . 


<3 

Both  pressure  and  axial,  load  are  fixed  and  known  in  this  case.  The 
pressure  multipliers  P  and  DP  are  ignored.  (See  Table  1.2) 

aBoth  pressure  and  axial  load  are  treated  as  eigenvalue  parameters  in 
this  case.  The  pressure  multipliers  P  and  DP  are  ignored. 

(See  Table  1.2) 


Analyses  with  INDIC  =  -1,  1,  and  4  involve  the  calculation  of  bifurcation 
buckling  eigenvalues.  With  1MDIC  -  -1  both  V(l)  and  DV(l)  are  changed  dur¬ 
ing  the  case,  and  the  buckling  load  V(l)  is  printed  with  the  mode  shape 

at  the  end  of  the  run.  With  INDIC  ---  1  the  eigenvalues  are  printed,  and  the 
user  obtains  the  corresponding  buckling  loads  V(l)  from  the  equation; 

v0-)Crit.  =  +  (^Genvalue)  *  DV(l) 


with  INDIC  -  4  the;  eigenvalues  are  printed, 
ponding  buckling  .loads  from  the  equation 

V  ;  "l  \  —  ( ni  (TP  rare.  1  n«  ^  +■  V  (  ‘i  A 

'crit.  - •'  '  ' 


and  the  user  obtains 
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This  discussion  also  holds  for  cases  involving  many  different  types  and 
classes  of  loads  which  are  applied  simultaneously. 


The  sign  convention  for  various  loads  is  summarized  in  Table  1.3- 
Pie ase  bear  in  mind  that  in  this  manual  it  is  always  assumed  that  the 
ax 1 s  of  revolution  is  depicted  vertically  and  that  the  shell  meridian 
^  '  drawn  on  the  right-hand -side  of  the  axis  (see  Figs.  1  and  2). 

Table  1.3  also  shows  the  circumferential  harmonic  variation  of  the 
various  types  of  Inads .  Given  a  linear  nonsymir.etric  stress  analysis  problem 
to  solve ,  the  user  must  know  in  advance  the  range  in  circumferential  wave 
number  n,  whether  it  involves  positive  n,  negative  n,  or  both.  A  simple 
example  is  sketched  below.  A  cylinder  with  an  end  ring  is  loaded  by  a  net 


(c)  (d) 


1-lb 
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shear  iorce  and  moment  (a).  The  shear  force  is  assumed  to  act  uniformly 
around  the  circumference  as  shown  in  (b).  At  every  circumferential  station 
9,  the  shear  force  in  (b )  is  resolved  into  components  normal  (H)  and  tan¬ 
gential  (S)  to  the  ring  centroidal  axis  (c).  The  "global'’  moment  M  is 
modeled  as  an  axial  load  which  varies  around  the  circumference  as  shown  in 
(d).  With  the  coordinate  system  shown  it  is  clear  that 

V  =  V  cos9  ,  S  =  S  sin8  ,  H  =  H  cos0 
°  o  •  o 

with  Vq  and  Sq  positive  and  Hq  negative.  Referring  to  Table  1.3,  we 
see  that  fcr  this  circumferential  distribution  of  line  loads  we  must  use 
n  =  -1  as  input  to  B0S0R4 .  (NSTART  ---  NFIN  =  -1,  INCR  -  1  or  -1,  see  Pages 
B-2  and  B-3 ) . 


More  on  the  Load  Range  Delimiters,  FSTART,  FMAX  and  DF 


The  load  range  delimiters  FSTART ,  FMAX  and  DF,  defined  on  Page  B-3  and 
examples  of  which  are  given  in  test  cases  3  and  '[  and  in  the  discussion  and 
table  on  Pages  1-13  and  1-14,  play  the  same  role  as  PIN IT,  PMAX,  and  DPMAX, 
respectively,  in  E0S0R3  (Ref.  3).  Since  users  of  B0S0R3  have  expressed  con¬ 
fusion  concerning  these  parameters,  it  is  perhaps  helpful  to  include  at  this 
point  some  additional  description  with  further  examples.  The  load  range 
delimiters  FSTART,  FMAX,  and  DF  serve  only  to  establish  the  range  of  loading, 
and  these  quantities  are  not  used  as  actual  loads  in  the  computer  program. 
They  simply  "tell"  the  computer  when  to  terminate  the  case.  That  is  their 
only  function  in  the  program.  Some  examples  follow: 


Example  I :  shell  loaded  by  "fixed"  pressure,  "variable -in-time "  axial  load: 

P  -  10  psi  DF  =  0.0  V(l)  =  -1000  ib/in  DV(l)  =  -200  lb/in 
FSTART  =  -1000  FMAX  =  -^000  DF  -  -200 

Example  ?:  shell  loaded  by  "variable ••in-time "  pressure,  "fixed"  axial  load: 

P  =  20  psi  DP  =  4  psi  V(l)  =  -3000  lb/in  DV(l)  --  0.0  Ib/in 
FSTART  “  ?0  FMAX  ~  100  DF  -  c' 
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Example  3 :  shell  loaded  by  "variable -in-time "  pressure  and  "variable -in -time " 
axial  load: 

P  =  20  psi  DP  =  5  psi  V(l)  =  -1000  lb/in  DV(l)  =  -200  lb/iti 
FSTART  =  20,  FMAX  =  100,  DF  =  5  or  FSTART  =  -1000,  FMAX  =  -5000,  DF  ---  -200 

From  the  above  three  examples  it  is  seen  that: 

1)  The  load  range  delimiters  represent  the  range  of  one  of  the 
"variable-in-time"  loads. 

2)  The  load  range  delimiters  have  the  same  algebraic  signs  as  the 
corresponding  "variable -in-time "  load. 

3)  In  cases  involving  more  than  one  "variable -in-time "  load  the 
load  range  delimiters  may  represent  the  range  of  any  one  of  the 
"variable-in-time"  loads. 
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Section  2 


ANALYSIS  ON  WHICH  B0S0RL  IS  BASED 

2 . 1  Introduction 

The  Bj^S^RU  program  represents  the  codif icatiori  of  three  distinct  analyses; 

1.  A  nonlinear  stress  analysis  for  exisymmetric  behavior  of  axisyimnetric 
shell  systems 

2.  A  linear  stress  analysis  for  axisyimnetric  and  nonsymmetric  behavior 
of  axi symmetric  shell  systems  submitted  to  axisymmetric  and  non- 
synmietric  loads. 

3.  An  eigenvalue  analysis  in  which  the  eigenvalues  represent  buckling 
loads  or  vibration  frequencies  of  exisymmetric  shell  systems  submitted 
to  axisymmetric  loads*  (eigenvectors  may  correspond  to  axisymmetric 

or  nonsymmetric  inodes) 

The  independent  variables  of  the  analysis  are  the  meridional  arc  length,  s  , 
measured  along  the  shell  reference  surface  and  the  circumferential  coordinate,, 

G.  The  dependent  variables  are  the  displacement  components  u,  v,  and  v  of 
the  shell  wall  reference  surface.  The  numerical  analysis  is  based  on  the 
finite  difference  energy  method,  s-  that  in  the  computer  program  the  dependent 
variables  are  one  displacement  components  u^ ,  v_^,  and  w_.  at  discrete  points 
(mesh  points)  on  the  shell  reference  surf ace , 

For  the  three  analyses  listed  above  it  is  possible  to  eliminate  the 
circumferential  coordinate,  9  ,  by  separation  of  variables:  in  the  nonlinear 
stress  analysis  p  is  not  present;  in  the  linear  stress  analysis  the  non- 
symmetric  load  system  is  exjjressed  as  a  sum  of  harmonically  varying  quantities, 
the  shei.l  response  to  each  harmonic  being  calculated  separately;  and  in  the 
eigenvalue  analysis  the  eigenvectors  vary  harmonically  around  the  circumference. 
Thus,  the  p-dependence  (where  applicable)  is  eliminated  by  the  assumption  that 
u(s,  e),  v(s,p),  v(s,e)  are  given  by  u^s )sin  rig  ,  v^(s)cos  n0,  'wn(s)  sin  np 
or  by  u^f^cos  np,  v^(s)sin  up,  v^(s)cos  iiq .  In  the  following  analysis  the 
first  ttiree  harmonically  varying  displacement  components  correspond  to  values 

of  n  >  0  ;  the  last  three  to  n  s;  0  . 

_ 

Note  that  if  INDIC  -  h  the  nrestress  state  is  calculated  for  nonsymmetric  loads, 
but  in  the  stability  analysis  a  "worst"  meridional  distribution  of  prestress 
is  assumed  axisymmetric  . 
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The  advantages  of  being  able  to  eliminate  one  of  the  .independent  variables 

cannot  be  overemphasized.  The  number  of  calculations  performed  by  the  computer 

l'or  a  given  mesh  point  spacing  along  the  arc  length  s  is  greatly  reduced, 

leading  to  significant  reductions  in  computer  time.  Because  the  numerical 

analysis  is  "one-dimensional11  a  rather  elaborate  composite  shell  structure, 

such  as  that  represented  in  Fig,.  1,  cun  be  analyzed  in  u  single  "pass"  through 

the  computer.  The  disadvantage  is,  of  course,  the  restriction  to  axisymmetrie 
■* 

structures . 

P  .'il  Energy  Formulation  Summary 

The  BOSOK^  program  is  bused  on  energy  minimization  with  constraint  con¬ 
ditions.  The  total  energy  of  the  system  involves; 

1.  Strain  energy  of  the  shell  segments  U. 

P .  Strain  energy  of  the  discrete  rings  U 

3.  Potential  energy  of  the  applied  line  loads  and  pressures,  U 
1 ,  Kinetic  energy  of  the  shell  segments  T. 

Ip 

3 -  Kinetic  energy  ol'  the  discrete  rings  T, 

I* 

The  constraint  conditions  U  arise  from 

e 

1.  Displacement  conditions  imposed  anywhere  in  the  composite  shell 

f.  Compatibility  conditions  between  segments  and  branches  of  the 
composite  shell 

These  components  of  energy  and  the  constraint  conditions  are  initially  integro- 
d.ifforentin.l  forms.  They  are  then  written  in  terms  of  the  shell,  reference 
surface  displacement,  components  u.,  v.,  and  w  at  the  finite-difference  mesh 
points  and  Lagrange  multipliers,  \.  .  The  integration  is  performed  numerically 

by  the  trapezoidal  rule.  Mow  an  algebraic  form,  the  energy  is  minimized  with 
respect  to  the  discrete  dependent  variables. 

In  the  nonlinear  stress  analysis  the  energy  expression  has  terms  linear, 
quadratic,  cubic,  and  quartie  in  the  dependent  variables.  The  cubic  and 
quartie  terms  arise  from  the  "rotation-squared"  terms  which  appear  in  the 

The  reader  is  referred  to  Ref.  IP  for  description  ol'  a  method  tl trough  which 
BOSOR^f  can  be  used  to  analyze  non symmetric  structures  of  u  prismatic  form. 


constraint  conditions  and  in  the  kinematic  expressions  for  reference  surface 
strains  e^.  and  e  .  Nonlinear  material  properties  (plasticity)  ore 
not  included  in  the  analysis.  Energy  minimization  leads  to  a  set  of  nonlinear 
algebraic  equations  which  are  solved  by  the  Newton-Raphson  method.  Stress 
and  moment  resultants  are  calculated  in  a  straight  forward  manner  from  the 
mesh  point  displacement  components  through  the  constitutive  equations  (stress- 
strain  law)  and  kinematic  (strain-displacement)  relations. 

The  results  from  the  nonlinear  axisymmetric  stress  analysis  are  used  in 
the  eigenvalue  analyses  for  buckling  and  vibration.  The  "prebuckling"  or 
"prestress"  meridional  and  circumferential  stress  resultants  N^Q  and  N^q 
and  the  meridional  rotation  x  appear  as  known  variable  coefficients  in  the 
energy  expression  which  governs  buckling  and  vibration.  This  expression  is  a 
homogeneous  quadratic  form.  The  values  of  a  parameter  (load  or  frequency) 
which  render  the  quadratic  form  stationary  with  respect  to  infinitesimal 
variations  of  the  dependent  variables  represent  buckling  loads  or  natural 
frequencies.  These  "eigenvalues"  are  calculated  from  a  set  of  linear,  homo¬ 
geneous  equations. 

The  same  linear  "stability"  equations,  with  a  "right -hand-side "  vector 
added,  are  used  for  the  linear  stress  analysis  of  axisymmetrically  and  non- 
symmetrically  loaded  shells.  The  "right-hand-side"  vector  represents  load 
terms  and  terms  due  to  thermal  stress.  The  variable  coefficients,  N^Q  , 

.  and  v  ,  mentioned  above  are  zero  of  course  since  there  is  no  nonlinear 
20  'O 

"prestress "  analysis  . 

2 . 3  General  Theory  fox-  Nunsymmetric  Displacements 

The  total  potential  energy  consists  of  (l)  shell  strain  energy,  (2)  ring 
strain  energy,  and  (3)  potential  energy  of  applied  loads.  The  constraint  con¬ 
ditions  are  written  in  terms  of  Lagrange  multipliers  and  displacements  of  points 
on  the  "plus"  and  "minus"  sides  of  the  junctures  or  boundaries-  These  energy 
components  and  constraint  conditions  appear  as  Eqs .  (9),  (15),  (l8),  (19),  and 
(fd| )  and  (25)  in  Ref.  13 •  Equation  (19)  is  incomplete,  as  it  dees  not  include 
"pressure -rotation"  effects.  The  following  analysis  is  based  on  these  equations. 

Tiie  various  components  of  energy  foil  ow : 
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l)  Shell  Strain  Enerpy 


U 


=  7  J  J  [L«J  ccl  CO  +  2  lntj  {«}] 


r  d0  ds 


s  0 

2)  Ring  Strain  Energy 
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3 )  Potential  Energy  of  Mechanical  Loads 


Upl  =  "  J  <-V“c  +  Svc  +  Hwc  +  M*)  rc  d0 
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4)  Constraint  Conditions 


U 


:|C  .f.  _J>|C  _  _ 

|_KXj  J  d  -  d  -  £d 


Note  that  Eq.  (3)  has  terms  quadratic  in  the  displacement.  These  are  the 
"pressure -rotation "  terms  taken  from  Reference  l4  and  omitted  in  Eq.  (19) 
of  Reference  13 .  Also  note  that  Eq.  (4)  contains  I.KAJ,  implying  input 
constants  K  which  are  applicable  to  juncture  conditions  as  well  as  to 
boundary  conditions.  The  kinetic  energy  is  not  written  here.  It  is  given 
in  Ref.  15  as  Eqs.  (28)  -  (32). 
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2.4  Nonlinear  Axisymmetric  Prestress  Analysis 

Equation  (36)  of  Reference  16  governs  the  nonlinear  prebuckling  analysis. 
This  equation  must  be  solved  for  each  Newton -Raphs on  iteration.  In  the  follow¬ 
ing  pages,  this  equation  will  be  developed,  and  variables  in  the  B0S0R4  computer 
program  will  be  identified  along  with  the  analytical  development. 

The  equilibrium  equation  to  be  solved  at  each  Newton -Raphs on  iteration  is 


V  ”i 

L  Aqj  ~  ’  *i 

j=l  J 


(5) 


in  which  M2  is  the  system  rank,  if  =  SU/gq.  ,  q  represents  the  i^*1  de¬ 
pendent  variable  (either  u  or  w  or  a  Lagrange  multiplier),  and  Aq. 

th  J 

represents  the  j  correction  addend  for  the  current  Newt on -Raphs on  itera¬ 
tion.  The  following  sections  will  establish  i|i.  and  dih/dq.  for  the 

1  1  J 

shell,  discrete  rings,  applied  loads,  and  constraint  conditions. 


2.4.1  Shell  Strain  Energy 

From  Eq.  (l)  is  follows  that 


♦i 


on 


NS  EG 
V 

L 

JSEG=1 


I5(JSEG) 

I  * 


As, 


k=l 


(  LeJ 


[C]  + 


LNTj 


All]  (6) 

3qi 


where  integration  over  6  has  been  performed  and  integration  over  s  is 

replaced  by  a  weighted  summation.  NSEG  is  the  number  of  shell  segments  and 

I5(JSEG)  is  the  number  of  mesh  points  in  segment  no.  JSEG-  An,  is  ^he 
th 

length  of  Ihe  k“  finite  difference  "element",  in  other  words  the  integration 
weight 

The  vector  L  e J  is  given  by 

LeJ  =  Le, ,  j  h-^ ,  J  (  0 
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in  which 


The  array  [B]  is  calculated  in  subroutine  PGETB,  which  is  called  from  PRESTS . 
These  subroutines  apply  to  the  finite  difference  energy  method  with  variable 
mesh  point  spacing.  The  appropriate  formulas  for  w  and  its  derivatives 
are : 


w  =  °1  Wi-1  +  C2  wi  +  C3  Wi+1 

w '  =  -wi_i/2h  +  wi(l/2h  -  l/2k)  +  wi+1/2k 

w"  =  ^(wi_1/'[h(h+k)]  -  w^/hk  +  w1+1/[k(h+k)]) 

(9) 

^  =  (h-k)(3k+h)/[i6(h2+hk)J 

c2  =  (h+3k)(3h+k)/’(l6hk) 

c^  ^  (k-h) (3h+k)/[l6(k2+hk) ] 

The  mesh  spacing  scheme  is  shown  in  Fig.  3>  which  also  applies  to  non- 
symmetric  analyses.  T1b  energy  is  evaluated  at  the  station  marked  "E " }  which 
is  at  the  centroid  of  the  finite  difference  "element".  Appropriate  finite 
difference  expressions  such  as  given  by  Eq.  (9)  are  found  by  expansion  of 
the  displacements  in  Taylor  series  about  the  point  "E"  and  expression  of 
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these  displacements  in  terms  of  the  nodal  quantities  ^ .  u^. ,  v.  ,  w^,  u^+.  , 
Vi+1’  Wi-t]  '  As  is  hoilited  out  in  Kef.  1J  this  procedure  is  equivalent  to  the 
finite  element  method  in  which,  a  constant  strain,  incompatible  element  is 
being  used.  (For  a  deeper  understanding  of  the  finite  difference  energy 
method  the  reader  is  referred  to  Ref.  17 •) 

T 

The  thermal,  load  vector  LN  j  is  given  by 

LNTJ  =  LNXT  ,  n2t  ,  mxt  ,  m/j  (10) 


which  are  defined  in  Eq.  (6)  ^.f  Reference  13- 

The  contribution  of  the  shell  strain  energy  to  the  left-hand  side  of 
Eq.  (^)  follows: 


NSEG  I5(JSEG) 


Bqj 


i-  =  2rr  Y 


JSEG=l  k=l 


I  rkisk  |(UJ  tC]+  LNTj) 


+  41^1  [C] 

Sqj  J 


(11) 


If  Eq.  (8)  is  incorporated  into  Eqs  (6)  and  (ll),  the  following  equations 
result : 


pSI(I)  NSEG  I5(JSEG) 

*i  =  2n  I  I 

JSEG=1  k=l 


RDS 


QDCB(I) 


TNB(I) 


rk  AsR  Lj  [B]T  [C]  fB.}  +  LNTj  fB.} 


(12) 


CB  (1,  I) 


QBC1 


CHI 


JR0T  (I) 


1  x2  IC,J  fS-1  +  (Lqj  [B]T  fcp  X  +  J  x3cu+n1tx\  |L 

L_ -  - j  ' 


FI 
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BCB  (I,  J) 


a*. 

*»T 
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H0T<I)*.RtfT(J) 

-S-X.  SDL 

aqt  Bq. 
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(cc8  fBd  f: ♦  (Bj)t  {c,}  |M 

J  1  / 


(1.3) 


CHI  CB(1,  I)*R(2T(J)  =  CB(I,  J)*R<Z>T(I) 


In  Eqs.  (12)  and  (13) 


LqJ  ~  %_z  -  Vi  ’  qi  '  qi+l  ’  qi+2  Jj 

v  —  • 

- > - - ^ 

L  F(I2M),  F(I1M),  F(IO),  F(I1P),  F(I2P)  j 

»-C  ]  is  the  local  4x4  matrix  of  constitutive  equation  coefficients  corres¬ 
ponding  to: 


(14) 


N, 


N. 


M, 


M- 


f  6l] 


r  *  [C'J 


h2 


(15) 
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Tills  local  matrix  corresponding  to  local  mesh  point  IP0INT  is  set  up  in  sub¬ 
routine  PGETC.  [Ih  ]  signifies  the  ith  column  of  the  matrix  [BJ;  {C^}  is  the 
first  column  of  [C ] ;  and  the  rotation  X  is  given  by 

X  =  w'  -  u/R1  =  [R0T]  {q)  (l6) 

in  which 

[R0T]  =  |R0T(l)  ,  R0T ( 2 )  R0T(3)  ,  R0T(4)  ,  R0T(5)J 

(17) 

-  [WBD(l)  ,  -.5/R1  ,  WBD(3)  ,  -•5/R1,  WBD(5)J 

corresponding  to  variable  station  spacing.  The  quantities  W3D(l),  WBD(3), 
and  WBD(5)  correspond  respectively  to  the  coefficients  of  wm,  and 

vi+1  in  the  second  of  Eq*  .  (9)-  In  Eqs .  (12)  -  (17)  program  variables 
are  identified.  Additional  variables  are: 

r  =  R  l/R ,  =  FK1 

(l/R-  )  •'  =  CURD  (18) 

r  '  =  RD  l/R2  -  FK 2 

The  indices  I2M,  I1M,  10,  IIP,  and  I2P  identify  the  global  row  numbers 
corresponding  respectively  to  I  --  1,  2,  3,  4,  and  ,5  in  the  local  stiffness 
matrix  BCB(l,j)  and  right-hand  side,  PSl(l).  These  global  row  numbers  are 
established  through  use  of  array  IW(ll)  .  Array  IW(ll)  is  set  up  in  sub¬ 
routine  SKILIN,  which  is  called  from  subroutine  READIT.  IW(ll)  contains 
the  global  row  number  of  the  Ilth  v-mesh  point,  in  which  II  is 

JSEG-1  3 

^  [15(1)  +2]  j  +  1  +  IPCSINT  (19) 

1=1  ) 

The  program  variables  TNI,  TN2,  TNJj  and  TN4  correspond  to  the  thermal 
loads  given  in  Eq.  (l0) .  Pi,  F3,  and  PFRIME  correspond  respectively  to 
the  meridional  traction,  normal  pressure,  and  meridional  derivative  of 
normal  pretoS  ure  dp/d a .  The  program  data  IW’(ll),  TNEKM  ( I ,  j  ) ,  b'(i,K.),  Bd(l,L), 
and  PR(l,M)  are  stored  on  drum  or  disk.  Arrays  WB(l)  and  UB(l)  represent 
coefficients  in  the  equations 
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v  =  LWBJ  {q}  u  =  IUBJ  [q]  (20) 

The  local  stiffness  matrix  BCB(.I,J)  and  right-hand  side  PSl(l)  for 
the  current  Newton -Raphs on  iteration  are  calculated  in  subroutine  TRESTS^ 
which  is  called  from  ApREB,  which  in  turn  is  called  from  PRE . 


2.4.2  Potential  Energy  of  Distributed  Loads 

In  FRESTS,  the  last  two  terms  in  the  expression  for  PSl(l)  and  the 
last  two  lines  of  the  expression  for  BCB(l,j)  contain  the  contributions  to 
tiie  total  energy  of  the  meridional  surface  traction  and  norma],  pressure 
p  .  These  terms  arise  from  differentiation  of  Eq.  (3b)  with  respect  to 
and  q^ .  With  v  =  0  the  following  expressions  result: 


F3 


UB(I) 


NS  EG  I5(JSEG) 


duPzK  =  ■  2n  J.  I  'k1!k  I(pi  ♦  P3  w  +  u/Ri ) 

JSEG=1  k=l  .  '  1  1 


F  4 


WB  (I) 


|p3  +  *  -P3 


—  +  J_ 
R1  R2 


w 


)  «rl 


(21) 


d2u 


p2 


NS  EG  I5(JSEG) 


3qi 


z.  y  7 

JSEG=1  k=l 


rk  *sk 


'  (  5W  +  dw  3u  \ 
3  (  'dcjj  3q.  3qj  3q.  ) 


/  1 

3u 

3u 

/  1  ,  1  \ 

3w 

(R1 

5qi 

“K  r2) 

3q. 

^r)J 

(22) 
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2.4.3  Discrete  Ring  Strain  Energy  and  Potential  Energy  of  Line  Loads 

Discrete  rings  and/or  line  loads  are  located  at  certain  mesh  point 
stations  along  the  shell  meridian.  These  stations  are  identified  by  the 
array  IRING(JSEG,IK) .  Thus,  IR1NG(3>2)  27  signifies  that  the  second  dis¬ 

crete  ring  and/or  line  load  in  the  third  segment  are  located  at  the  27th 
.point  nt  which  the  shell  energy  is  evaluated  in  that  segment. 

The  ring  strain  energy  is  given  by  Eq.  (2).  For  axisyrametric 
displacements 

er  =  we/rc  *x  "  0  *y  =  xAc  (^3) 

in  which  w^  is  the  radial  displacement  of  the  ring  centroid  and  r^  is 
the  radius  of  the  ring  measured  to  the  centroid.  With  Eqs .  (23)  inserted 
into  Eq.  (2),  the  ring  strain  energy  becomes 


U 


1_ 

2 


EA 

r 


w 


T  T 

N  w  +  M  X 
r  c  x 


(24) 


For  ax.isymmetrie  line  loads,  the  potential  energy  is 


U,  =  -2rrr  -Vu  +  Hw  +  MX 
pi  c  c  c 


(25) 


The  line  loads  are  assumed  to  be  applied  along  the  centroidal  axis  of  the 
ring.  The  axial  and  radial  centroidal  displacements  u^  and  w^  can  be 
written  in  terms  of  the  shell  wall  reference  surface  meridional  and  normal 
displacements  u  and  w  corresponding  to  the  attachment  point  of  the 


uc  ~  ur/R2  "  wr'  "  ex  X  -  e2  xZ/2 
wc  =  ur'  +  wr/H2  e2  X  -  eL  xZ/2 


rrng 


I 


I 

I 

I 

I 

I 

I 

B 

I 

v 

i 

I 

I 

I 

s 

I 

I 

I 

I 

? 


in  which 


UCD 


9uc 

aq; 


3w 


au 


3w 


(WR2)  - 
1  -  -1 


3q;  '  *'2'  "  a^T  r '  “  <el  +  e2  *) 


FR4 


_  _  j|u 

Sq.  3a 


WCD 


a2u 


-  ''  +  If  W«zl  ♦  (•*-•!*) 


5  X 

aq- 


ax 

aq; 


ax  ax 


aq,  aq.  ez  3q.  3q. 

1  j  1  j 


*2 
o  w 

™  c 

3q-  5q~" 


-  e, 


ax  ax 

'3-i  5qj 


(29) 


Collection  of  terms  in  Eq.  (28)  through  use  of  Eq.  (29)  leads  to: 


FR5 


C~ 


3  (Ur  +  u=1) 


*TT 


-e. 


(f 


T 

•  +  N  -  r  H 
c  r  c 


\  El 

1  -e,  r  V  +  — 2 

/  2  c  r 


c  J 


u  ^  0  A. 

aq*  aqj 


EA 

r 


dw  gw 
c  c 


c 


aq; 


(30) 
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Superscripts  "plus"  and  "minus"  refer  to  plus  and  minus  sides  of  the  junc¬ 
ture  conditions  (see  Fig.  20) .  In  the  case  of  displacement  boundary  con¬ 
ditions,  the  "plus"  variables  are  simply  omitted  from  Eq.  (31)  •  The  K-j , 
Ky  KJ(  are  ini--  integers  governing  whether  or  not  juncture  compatibility 
conditions  are  to  be  enforced. 

Figures  4  through  6  show  various  types  of  juncture  conditions  which 
have  various  effects  on  the  configuration  of  the  stiffness  matrix  for  each 
Newton -Raphs on  iteration.  The  shaded  areas  correspond  to  elements  in  the 
matrix  affected  by  the  juncture  or  boundary  conditions.  'Minus"  elements 
are  denoted  QD  and  "plus"  elements  are  denoted  L>.  The  dark  line  in  each 
figure  represents  the  "skyline"  of  the  matrix.  There  are  essentially  five 
kinds  of  constraint  conditions: 

1.  Simple  "one-sided"  constraint  conditions  not  at  end 
IP0INT=15(JSEG)  of  Jth  segment. 

2.  Boundary  conditions  at  end  IP0INT-15(JSEG)  of  Jth  segment. 

3.  Segment  end  connected  to  non-adjacent  previous  point. 

4.  Juncture  condition  not  at  end  IP0INT=I5 (JSLG)  of  Jth  segment. 

lj .  Beginning  of  (J+l)st  segment  attached  to  end  of  Jth  segment. 
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All  five  types  of  constraint  conditions  are  shown  in  Figures  4(a). 

5(a)  ,  and  6(a)  and  identified  in  Figures  4(b),  5(b),  and  6(b).  Constraint 

condition  types  1  and  3  are  shown  in  Figure  4.  In  Figure  4(b)  the  shaded 

T 

areas  labeled  QD  and  QD,‘  represeiit  the  boundary  conditions  [Eq.  (31) 

■*+  *+1  +  1  '  ‘  m 

without  u  ,  w  ,  and  y  J.  The  shaded  areas  QD n  and  QD  ~  represent  the 

"minus"  parts  of  the  juncture  condition  between  mesh  points  § 4  and  #10 .  The 

T 

shaded  areas  D,.  and  D,0  represent  the  "plus"  parts  of  the  juncture  con¬ 
dition.  Figure  5  shows  constraint  condition  types  5  and  4.  .Again  the  shaded 
QD's  and  the  D's  repi’totm.  "espeetively  the  "minus"  and  "plus"  parts  of 
the  constraint  conditions.  Constraint  condition  types  2  and  4  are  shown  in 
Figure  6. 

The  contribution  of  the  constraint  condition  "energy"  to  the  shaded 
areas  in  Figures  4(b),  5(b),  and  6(b)  will  now  be  derxved  .  In  subroutine 
PRESTO  the  "minus"  contributions  QD  are  computed,  first.  The  vector 
IFX(IC0NDI,1)  cont  ains  the  segment  numbers  and  local  mesh  point  numbers  of 
the  "minus"  sides  of  the  constraint  conditions  in  monotonically  increasing 
order  If  IP0INT-IFX(lC0NDl,l) ,  the  flow  of  calculations  enters  the  branch 
of  PRESTS  in  which  QD  is  filled  and  constraint  condition  contributions  to 
the  local  matrix  BCB(l,J)  are  calculated.  The  global  matrix  row  numbers 
corresponding  to  ,  and  A^  are  indicated  in  PRESTS  by  IR,  IR1, 

and  IR? .  respectively. 

From  Eq.  (31) ,  it  is  seen  that 


dq. 


-  r 


PSI(I) 


X1  U,  i  +  *2  W 


i  +  *3  X,i 


h 

X2  X3 

U  + 

W  +  6.  X 

FNEW(IR) 

FNEW(IRl)  FNEW  (IR2) 

(33) 
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in  which 


US  TAR 


FC3 


ROT  (I) 


D(l,  I) 


#  - 

3u 


+ 


(dl  +  d2  X"  ) 


QD  (1, 1) 


•aq. 

D(2,  I) 


WSTAR 


dw 


<d2  -  X"  dY) 


QD(2,  I) 


ax  +  _  5_x“ 

D(3, 1)  QD(3,I) 


:=+  *- 

u  -  u  -  (\u  ) 


W 


*4- 

K3  (w 


( x+  -  x") 


1  if  i  =  IR 
0  otherwise 


1  if  i  =  IB 
0  otherwise 


1  if  i  =  IR2 


0  otherwise 


Contributions  from  the  "minus"  part  of  the  constraint  conditions  to  the  real 
global  right-hand  side  vector  are  stored  in  FREW(lR),  etc.  Contributions  to 
the  "loca]  11  right-hand  side  vector  are  stored  in  PSl(l).  The  Lagrange  multi¬ 
pliers  X0  ,  and  \  for  the  current  Newton -Raphson  iteration  are  stored 

in  F(lR),  F(lRl),  and  F(IR2)  .  >  and  K  )+  are  identified  in  PREST3  as 

FIFX1,  FIFX3,  and  FIFX4,  respectively. 


The  second  derivative  of  with  respect  to  the  dependent  variables 

q.  and  q,  is  given  by 
-L  J 


Sq'.  §q . 

1  J 


(K^  X^  X^  <^) 


5X~  SX~ 

dq.  dqj 


+ 


Xl  X-,  X-> 

6.  U  .  +  X.  W  .  +  6  W  . 
J  . 1  1  . J  J  .1 


(35) 


xK 

Ii  ,j  s  j.  the  terms  with  5.  ,  k  -  1,  2,  3  contribute  elements  to  QD  and 

Xk  J  T  T 

D,  and  the  terms  with  6^  contribute  elements  to  QD  and  D  in  Figures  k 
to  6.  In  the  program  PRESTS  only  the  terms  with  j  £  i  are  computed,  since 
the  stiffness  matrix  is  symmetric. 


Figures  7  through  16  show  additional  global  stiffness  matrix  configura¬ 
tions  corresponding  to  the  branched  configurations  drawn  cn  each  figure. 

Mesh  points  are  indicated  by  dots  and  numbered  according  to  the  directions 
of  the  arrows.  "Minus"  parte  of  constraint  conditions  are  indicated  by- 
arrays  of  Q'sj  "plus"  parts  by  D's.  Additional  non-zero  elements  are  in¬ 
dicated  by  X  1  s  . 


The  array  QD(l,J)  containing  the  "minus"  part  of  the  constraint  con¬ 
dition  must  be  stored  in  the  global  stiffness  matrix.  This  matrix  is  divided 
into  blocks,  the  sixes  of  which  are  limited  by  an  input  parameter  IMAX,  and 
the  numbers  of  rows  of  which  are  established  in  subroutine  GETBLK .  The  array 
IL0C  contains  the  position  of  the  main  diagonal  element  relative  to  the  be¬ 
ginning  of  the  block,  and  the  array  IlGBKP  gives  the  global  row  numbers  of  the 
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last  equation  in  each  block,.  In  subroutine  PRESTS,  III  is  the  current  block 
number,  IV  is  the  number  of  QP  array  which  has  been  saved  because  it  belongs 
to  a  future  block,  IC  is  the  number  of  equations  per  constraint  condition, 
(IC-3  for  prebuckling  analysis),  and  N  is  the  dimension  of  the  local  stiffness 
array  BCB(N,U).  The  global  stiffness  matrix  is  stored  in  array  BB. 

The  logic  associated  with  the  "plus"  side  of  the  constraint  conditions 
is  similar  to  that  for  the  "minus"  side.  The  contribution  from  the  "plus" 
side  is  stored  in  D(l,j),  as  shown  in  Eqs .  (3*0,  and  this  branch  of  PRESTS 
is  entered  if  1P0INT  equals  the  segment  and  local  mesh  point  corresponding 
to  the  "plus"  side  of  the  constraint. 

The  current  block  III  is  stored  on  drum  or  disk  for  subsequent  processing 
by  subroutines  FACTOR  and  SOLVE.  Figure  17  shows  a  flow  chart  of  PRESTS  . 


2 . 5  Stability,  Vibration,  and  Ronsymmetric  Stress  Analysis 

These  three  categories  have  several  common  characteristics:  They  repre¬ 
sent  two-dimensional  problems  in  that  the  restriction  to  axi symmetric  dis¬ 
placements  is  no  longer  imposed.  They  are  based  on  linear  theory  (although 
the  axisymmetric  prestress  analysis  m  stability  and  vibration  problems  may 
be  nonlinear).  They  all  make  use  of  essentially  the  same  stiffness  matrix. 

By  stability  analysis  we  mean  bifurcation  buckling,  not  nonlinear  collapse. 
By  vibration  analysis  we  mean  determination  of  natural  modes  and  frequencies. 
Hence,  both  of  these  analyses  are  eigenvalue  problems. 


2.5.1  Formulation  of  che  Stability  Problem:  Introduction 

The  bifurcation  buckling  problem  represents  perhaps  the  most  difficult 
of  tne  three  types  of  analyses  with  which  we  are  concerned.  It  is  practical 
to  consider  bifurcation  buckling  of  complex,  ring-stiffened  shell  structures 
under  various  systems  of  loads,  some  of  which  are  considered  to  be  known  and 
constant,  or  "fixed"  and  some  of  which  are  considered  to  be  unknown  eigenvalue 
parameters,  or  "variable". 

Tne  notion  of  "fixed"  and  "variable"  systems  of  loads  not  only  permits 
analysis  of  structures  submitted  to  nonproportionally  time-varying  loads, 
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but.  also  helps  in  the  formulation  of  a  sequence  of  simple  of  "classical"  eigen¬ 
value  problems  for  the  solution  of  problems  governed  by  "nonclassical"  eigenvalue 
problems.  An  example  is  a  shallow  spherical  cap  under  external  pressure.  Very 
shallow  caps  fail  by  nonlinear  collapse,  or  snap-through  buckling,  not  by  bifur¬ 
cation  buckling.  Deep  spherical  caps  fail  by  bifurcation  buckling  in  which 
nonlinear  prebuckling  effects  are  not  important.  There  is  a  range  of  cap  geo¬ 
metries  that  buckle  by  bifurcation  buckling  in  which  the  critical  pressures 
are  affected  by  nonlinear  preoucklitig  behavior.  The  analysis  of  this  inter¬ 
mediate  class  of  spherical  caps  is  simplified  by  the  concept  of  "fixed"  and 
"variable"  pressure. 


Figure  18  shows  the  load -deflection  curve  of  a  shallow  cap  in  this  in¬ 
termediate  range.  Nonlinear  axisymmeiric  collapse  (p  ),  linear  bifurcation 
(p  b)  and  nonlinear  bifurcation  (Pnb)  loads  are  shown.  The  purpose  of  the 
analysis  to  which  we  are  referring  in  this  section  is  to  determine  the  pressure 
p^k .  It  is  useful  to  consider  the  pressure  p  as  composed  of  two  parts 


Pnb  =  pf  +  PV  06) 

in  which  denotes  a  known  or  "fixed"  quantity  and  pV  denotes  an  un~ 

f 

determined  or  "variable"  quantity.  The  fixed  portion  p  is  an  initial 
guess  or  represents  the  results  of  a  previous  iteration.  The  variable 

v 

portion  p  is  the  remainder,  which  can  be  determined  from  a  reasonably 

simple  eigenvalue  problem,  as  will  be  described.  It  is  clear  from  Fig.  18 

l'  f  v 

that  if  p  is  fairly  close  to  p  the  behavior  in  the  range  p  -  p  +  p 

is  reasonably  linear.  Tims,  the  eigenvalue  pnb  can  be  calculated  by  means 

of  a  sequence  of  linear  eigenvalue  problems  through  which  ever  and  ever 

v  f 

smaller  values  p  are  determined  and  added  to  the  known  results  p  from 

the  previous  iterations .  As  the  B0S0R4  computer  program  is  written  the 

-p 

initial  guess  p~  need  not  be  close  to  the  solution  PRb • 

In  the  bifurcation  stability  analysis  it  is  necessary  to  develop  three 
matrices  corresponding  to  the  eigenvalue  problem 

K-jX  +  IK.gX  +  l^K^x  =  0  (37) 


.  i  ic  nici  oj.  , 


the  matrix  1C, 


iu  the  stiffness  ma  Lrix  and  contains  fixed  load  effects j 
is  commonly  called  the  "load-geometric"  matrix  and  contains 

2-19 


linear  terms  involving  the  "variable"  loads;  and  the  matrix  K,  ,  another 
"variable "-load  quantity,  is  called  the  \  -matrix,,  for  obvious  reasons. 
These  matrices  all  contain  known  numbers  and  are  all.  bunded.  They  all  have 
forms  similar  to  those  shown  in  Figs.  1-16.  They  will  be  derived  in  the 
following  three  sections,  which  will  be  concerned,  respectively,  with  the 
shell  strain  energy  and  pressure-rotation  effect,  the  ring  strain  energy  and 
radiai-line -load-rotation  effect,  and  the  constraint  conditions  . 


2 . 5 • 2  Shell  Strain  Energy  and  Pressure-Rotation  Effect 

The  shell  strain  energy  and  pressure -rotation  effect  combine  Eq.  (1) 
and  the  terms  in  Eq.  (3)  quadratic  in  displacement  components  u,  v,  w. 

This  energy,  denoted  Ug  ,  can  be  written  in  the  form: 


U 

s 


//i 


L  e J [G ] {c ]  + 


T 

2 LIT  j 


{g}  +  Ldj[P]{d] 


rdf)d£ 


(38) 


The  strain  vector  is  given  by 


r*l  ' 

'  u '  +  w/Rj  +  1  (x"  +  Y2 ) 

G2 

v/r  +  ur '/ r  +  w/Rg  +  |  (i);2  +  y2 ) 

e12 

u/r  +  r(v/r) '  +  xt 

HI 

>  -  < 

X  ' 

*2 

i|i/r  +  r  'x/r 

2  Hi  0 

2  (-x/r  +  r'f/r  +  v'/R..) 

in  which 


(39) 


X  =  v  ‘  -  u/Rx 

f  =  v/r  -  v/R2  (kO) 

V  =  —  (u/r  -  v '  -  r'v/r) 


In  Eq.  (38)  [C]  is  the  6x6  matrix  of  constitutive  equation  coefficients 
given  in  Eq.  (^)  of  Ref.  13 ;  U"1  J  is  the  six -component  vector  of  thermal 
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loads  given  in  Eqs .  (1)  and  (6)  of  Ref.  13;  and  J.d]  and  [P]  are  given  by 


[dj  =  Lu,  v,  wj 


[P.1  =  I  0  -p/R, 


o  p(i/r1  +  i/r2) 


These  expressions  are  referred  to  the  undeformed  surface  of  the  shell.  We 

wish  now  to  expand  the  energy  in  a  Taylor  series  about  some  equilibrium 

point,  u  ,  v  ,  w  :  We  assume  that 
r  '  o  O'  o 

(u,  v,  w)  =  u  ^  +  u  v  +  fiu  ,  v  1  +  v  V  +  Av  ,  w^+w%+6w  (b3) 

in  which  (  means  "fixed"  ana  (  )v  means  "variable"  and  gu,  £v >  6w  are 

f  v 

infinitesimal  variations  from  the  equilibrium  state  given  by  u  +  u  , 
f  v  f  v  O  o 

V  +  V  ,  V  +  W 

o  o  o  o 

The  energy  Uo  is  given  by 
s 

Us  =  uo  +  6u  +  |  62u  +  •••  W 

in  which  6U  contains  all  first  order  terms  in  the  variations  and 

contains  the  second-order  terms.  Because  the  system  is  in  equilibria 

the  first  variation  5U  is  zero,  and  we  are  concerned  only  with  the 

2, 

second  variation  5  U: 


-  -//[ 

S  A 


Le1J[C]{e1]  +  te2J[c]{e°]  +  Le°j[Cj{e2} 


+  2[KTJ  [e2}  +  Ldu, 6v,6w J[P]  | gv  |  rd9ds 


in  which  ^ ,  e^,  ^  signify  respectively  zeroth,  first,  and  second-order 
terms  in  variations  $u,  f,v,  aw: 
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V1* 


6u'  +  sw/R-l  +  XC6X  +  ■Y06'V 

6v/r  +  fiur'/r  +  dw/f^  +  ^Q6  'l'  +  V06Y 

fiu/r  +  r(6v/r)'  ■»-  XQ6 ^  +  t06X 

6X' 

6t/r  +  r'fix/r 

2(-6x/r  +  r'6i/r  +  fiv'/Rp) 


|  (6X)2  +  |  (6V)2  ' 

|  (6*)2  +  |  ( 6 V) 2 
6X6^ 

0 

0 


Expressions  (39)  with  subscript  zero. 


1 

1 


(46) 


?! 

k  i 

n 

« « 

u 


(47) 


M 

(48)  -r 


For  convenience  from  now  on  the  variation  symbol  6  will  be  dropped. 

The  infinitesimal  components  u,  v,  w,  x  denote  "buckling  displacements1 
and  the  finite  components  uQ,  vq,  wq,  Xq  denote  "prebuckling  displace¬ 
ments".  It  is  understood  that  u  ,  wq,  Xq  arc  composed  of  two  parts, 
a  "fixed"  part  (  )*  and  a  "variable"  part  (  )v. 

If  we  consider  in  Eq.  (45)  that 

Le2J  [C]  { e° }  =  LeCJ  [C]  {e2}  (49) 

(since  C  is  symmetric),  the  second  variation  (45)  can  be  written  in  the 
form 
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(50) 


&  =/|"(ulj[c3ul}  +  2le?J([c]  k1  +  s2!  +  IkT!) 

LdJ[P](d}jrc 


i'd0ds 


in  which  the  linear  prebuckling  strain  vector  e0  is : 


u'  +  w  /R, 
c  o'  1 

v  /r  +  u  r'/r  +  w  /R 
o'  o'  o'  2 

u  /r  +  r (v  /r) ' 
o'  '  o'  ' 

*o 


l  11  _ 

leo  I 


*7r  +  r'x7l 


2  (-  XQ/r  +  r'tQ/r  +  v'/r2)  J 


(51) 


and  the  nonlinear  portion  of  the  prebuckling  strain  is: 


I  2| 
leo  I 


?(♦ 


2  2\ 

,  '  V0  ) 


Vo 


o 
0 


(52) 


The  linear  infinitesimal  strain  vector  7  ,  Eq.  (46),  can  be  divided  into 
three  components 


1 

e 


(53) 
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in  which  e  1  is  given  by  Eqs .  (51 )  with  subscript  zero  dropped  and  in 
which 


f  f 

Xc  X  -  \0  ^ 

c* + 

Xofi  +  t/x 


%  *  c  ' 

’  \  v  i 


V  vx  +  V  Vv 
,Ko  K  O 

t  v'(i  +  \  v\ 
o  o 

*oV*  +  VY 


The  "pressure -rotation"  matrix  [p],  Ea.  (42),  and  the  thermal  load  vector 
LNTJ  can  also  be  considered  split  into  "fixed"  and  "variable"  parts. 

U  1  2  1 

Mow  divide  the  prebuckling  strain  vectors  eD  and  eQ  into  fixed  and 
"variable "  parts : 

1  f  . 

eo  eo  eo 


ff  ,  w 


+  e. 


in  which 


f  v  f  v 

XoXo  +  \>Yo 


j  iv| 
J*o  I 


f .  v  f  v 

ii>  v  +  y  v 

Yo  o  00 

V ,  f  f,  V 

X  t  +  X^  t 

0  0  00 


j  ff  vv 

'  ro  J  e0 


analogous  (56) 


The  term 


2Le"Jj([C] 


I  1  2  T 1 

e  +  e  +  N 
eo  fco  1 
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in  Eq.  (50)  becomes 

>( 

which  can  be  expressed  as  : 


f  .  v  ff  w  fv)  I,,  T 

T  p  T  £»  T  c  .  "T 


2[e  ]([C]  e;  +  £o 


Wf  +Nv 


Ti) 


2Le2J(,N/  +  n!ttm  +  C^V  +  Ce/V! 


.in  which 


oLIN 


f  If  ff)  T 

M  =  C  L  +  e  +  N„ 
o  ro  bo  )  f 


MV  =  C  L  Vj  +  H  T 
oliii  j  o  j  v 


With  the  above  development,  we  can  now  express  Eq.  (50)  in  the  form 


-II 


(A1  +  XAg  +  X  A rdsde 


(57: 


(58) 


(59) 


(60) 


s  0 


] 

] 

] 
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in  which 


A1 


+  [X,*,Y] 


1  [C] 

h1  +  er 

~t,f 

■p 

1 10 

u 

120 

f 

W12o 

4 

0 

o/n 
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+  N 

10  20 


r 

X 

X 

1 

iif 

Y 

y 

V> 

(61) 
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A?  =  2Lgv1J  [C]}^1  +  Sf1j  +  idj  [PV]  {d} 


N  V 
’lOLIM 

N  V 

120LIN 

0 

rx  " 

+  Lx,t,'vJ 

if  v 
120LIN 

if  v 

2olin 

0 

* 
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0  (^lOLIW 

+  if  v  \ 
2olin) 

y 

v.  J 

with 


with 


M 


10LIN 


=  N 


10LIM 


fv{ 
liJ  Co  , 


+  LC,J  e 


—  v  v 

W  -  N 

20LIN  20LIN 


*  |vv! 


(63) 


—  V  V 

H  =  N 

120LIN  120LIN 


+  iv  kfv! 


A,  =  Le^  J  [C]  L1  |  +  LX.^YJ 


>  0 
, — 1 

_ 

K  v 

120NL 

f'X  ' 

w  v 
120NL 

F  V 

20NL 

f 

0 

O 

hJ 

O  < 

+  K20Nl) 

V.  V  > 

(64) 


tom,  ■  f  k”!  ■  tom  -  (•o"i 


(65) 


N 


120NL 


|C  !  Je  vvi 
L  3^J  I  o  j 


The  second  variation  of  the  shell  strain  energy  and  pressure-rotation 
effect  given  by  Eq.  (60)  with  Eqs .  (6l)  -  (6 5)  is  valid  for  arbitrary 
segments  of  shells  of  revolution  with  arbitrary  nonsyiranetric  prestress 
distributions.  It  is  an  integro-differential  form.  The  discretization 
model  is  shown  in  Fig.  3* 
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2 . 5 • 3  Ring  Strain  Ere rgy  and  Radial-Line -Load -Rotation  Effect 

The  ring  strain  energy  and  radial -xine-load  -rotation  effect  has  a  form 
analogous  to  Eq. .  (38) 


U 


LeJ  [G]  {e  l  +  2LM  TJ  {r  } 


+  (v  ,w  J 
v  c  c 


-H/r  0 


O 


4 

HAj  lvc  J 


rcd6 


(66) 


in  which  the  ring  hoop  strain  vector  er  is  given  by: 


= 


r  er  ' 

f  v  /r 
c'  c 

+  v  /r 
c'  c 

-  |  (♦/  +  Yc2)  ' 

V  /r 
c  c 

-•y  /r 
c'  c. 

+  xAc 

s.  , 

.  *'/rc 

•  /  2 
+  u  /r 
c  c 

y 

(67) 


with 


=  (w  -  v  )/r 
C  '  c  C  '  ‘  c 


*v 

c 


u  /r 
c'  c 


(68) 


Subscript  c  denotes  "ring  centroid"  or  shear  center.  Fig.  21  shows: 
uc  >  v  ,  wc .  In  Eq.  (66)  [GJ  is  the  ring  constitutive  law: 


(GJ  = 


E  A 
r 


0 

0 

0 


E  I 

r  y 


-E  I 
r  xy 


-E  I 
r  xy 


E  I 

r  x 


0 

0 

O 

GJ 
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IN  _]  is  the  four-component  vector  of  ring  thermal  loads 
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■JVfcTdA 

J  ErQi-,rxdA 

-f  BrQrTydA 


+1  ErQ^TxdA 


and  H  is  the  radial  load/length  applied  to  the  ring  centroidal  axis,  positive 
as  shown  in  Fig.  21. 

We  follow  the  same  development  as  with  the  shell  strain  energy.  The 
second  variation  of  ring  energy  is  given  by  an  expression  analogous  to 
Eq.  (50): 


6  Ur  "  rcf  L«rlj  ^  ^ er"^  +  2l*er*"J  (tG]  er 


l*  e2|  +  if 

o  ro I  (  i 


+  Lv  ,W  J 
c  c 


ohv 


0  «/rcJ  (wc 


in  which  L  s  1 J  is  given  by  Eq.  (67)  with  variables  u  ,  v  ,  w  inter- 
1  C  c  c 

preted  as  variations;  and  with  the  nonlinear  term  in  e  ,  that  is 

r 

[i  replaced  by  +  \Q\  .  The  quantity  ej  is  given  by: 


I  {♦*  *  $ 


I-  2| 

(€r  j 


and  erQ  and  e  are  the  linear  and  nonlinear  parts,  respectively  f 
the  prestress  strain  ^iven  by  Eq.  (67)  with  subscripts  zero. 

Again,  as  in  the  case  of  the  shell  strain  energy  and  applied  loads,  we 
consider  "fixed"  and  "variable"  loads  separately,  so  that 
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The  discrete  ring  energy  then  has  a  form  completely  analogous  to  Eq.  (6o) 
in  which 

\  ^  hi +  «r)! +  iv  [Ht]  if 


(4 '  4) 


m 


’rf 


with 


1  L<v 

=  Lv  ,w  | 
c  c 

£HX  ] 
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ff 
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—  T 

+  Nrf 


(76) 


*  wi  14: !) 


with 


and 


■  rvLIN 


=  to)  je;0|  +  » 


-  T 

rv 


A,  =  Le  Xj  [G]  b  1  j  +  (v2  +  v2  )  [G]  !c*vj 

3  1  rvJ  j  rv  )  \  c  'cl  j^orj 


(77) 


(78) 


The  expressions  (74),  (76),  and  ( j8 )  for  the  ring  are  clearly  analogous 
to  those  for  the  shell  [Eqs .  (6l),  (62),  and  (64)].  The  above  ring 
equations  are  valid  for  nonsymmetric  prestress .  If  the  prestress  solution 
is  axi symmetric  the  following  expressions  result: 
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1 

K. 


A 


3 


=  0 


(81) 


in  which 


is  the  linear  part  of  the  strain  vector  given  by  Eq.  (67). 


2.5-1  C onstraint  Conditions 

The  constraint  conditions  are  handled  in  a  manner  analogous  to  that 
described  for  the  axisyinmetric  prestress  analysis .  The  constraint  con¬ 
ditions  given  in  vector  form  by  Eq.  (4)  are 


U 

c 


K1X1^U*+  "  u'  ~  +  diX  )  +  K2X? 


*  +  *- 


v  +  d1(w  -  v  )/ r 


(82) 


.*■_ ,  _  ,  *+  *-  -V  ,  + 

+  d2  u  /r  +  K  -  v  -  d2x  )  +  K^X^(x  -  X  ) 


in  vhich  d^  and  d£  are  the  radial  and  axial  components  of  the  merid¬ 
ional  discontinuity  or  support  point  eccentricity  as  shown  in  Fig.  19- 
Starred  quantities  are  displacement  components  in  the  "global"  coordinate 
system,  as  shown  in  Fig.  20. 


(  1 


&  i 


mi 


*9 


2.5-5  Variable  Transformations 

The  components  of  energy  of  the  system  are  represented  by  the  shell  strain 

energy  [Eq.  (l)],  the  strain  energy  of  a  discrete  ring  Ur  [Eq.  (2)],  the 

potential  energy  of  line  loads  IJ  ^  and  normal  pressure  and  surface  tractions 

U  0  [Eqs.  (3)],  the  shell  kinetic  energy  T  [Eq.  (2.20)  of  Ref. 3],  and  the 
1 2  s 

discrete  ring  kinetic  energy  T  [Eqs.  (2.21)  of  Ref.  31*  The  constraint  con¬ 
ditions  are  given  by  Eqs.  (1). 

It  is  desired  to  express  all  energy  components  in  terms  of  the  shell 
reference  surface  displacements  u,  v,  and  w.  The  displacements  v  , 
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and  of  the  ring  centroid  (Fig.  21),  which  appear  in  Eqs  .  (79)  -  (8l)  are 

given  by 


u 


c 


* 

u  -  e±x 


v 


c 


/."X  X .  ,  . V/ 

V^,  =  V  -  e1(v  -  V  )/r  -  e2u  Jr 

* 

v  -i  e^X 


(03) 


The  ring  eccentricity  components  e  and  e  are  shown  in  Fig.  21.  The 

1  ^  *  *  * 
axial,  circumferential  and  radial  displacement  components  u  ,  v  ,  and  w  , 

which  appear  in  Fig.  20,  are  given  by 


*  / 

u  =  u  r/Hg  -  w  r 
* 

v  =  v 

•K*  / 

w  =  u  r '  +  v  r/R0 


(8b) 


Eqs .  (83)  and  (84)  can  be  used  to  eliminate  Uc,  vc,  v^,  u  ,  v  ,  and  w 
from  the  energy  components  and  constraint  conditions.  The  dependent 
variables  are  then  u,  v,  w  and  the  Lagrange  multipliers  \2,  \ 

and 

The  total  energy  in  the  system  is  obtained  by  summing  over  all  shell 
segments,  discrete  ring  stiffeners,  and  junctures. 


2.^.6  Separation  of  Variables 


The  dependent  variables  u,  v,  and  w  are  functions  of  arc  length  s 
and  circumferential  coordinate  8.  The  6-dependence  can  be  eliminated  from 
the  analysis  by  the  assumption  that 
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(85) 
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The  temperature  distribution,  surface  tractions  and  pressures,  and  thermal 
and  mechanical  line  loads  hove  similar  expansions: 
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In  the  BOSORh  program  large  deflections  are  permitted  in  the  axisym- 

metric  components,  but;  the  nonsyrametric  harmonics  are  considered  to  be 

small.  The  various  harmonics  do  not  couple,  and  a  solution  for  each 

u  (s),  v  (s),  and  w  (s)  can  be  obtained  with  the  c ircumferential  wave- 
n '  '  xi  ‘  n 

number  n  appearing  as  a  parameter  in  the  analysis.  The  0  integration 
indicated  in  Eqs .  (l)  -  (3)  is  replaced  by  a  factor  of  tt  for  n  0  and 
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2tt  for  n  =  0.  In  a  linear  stress  analysis  for  nonsymmetrically  loaded 
shells  the  static  response  of  a  shell  to  arbitrarily  varying  loads  is  ob¬ 
tained  by  superposition,  (in  this  case  even  the  axisymmetric  components 
are  assumed  to  be  small.)  In  buckling  and  vibration  analyses  the  "small” 

deflections  u  , ,  v  .. ,  w  ..  ,  u  v  w  are  considered  to  be  kine- 

nl  nl'  nl  n2'  n2’  n2 

matically  admissible  variations  from  the  "prebuckled "  or  "prestressed" 
axisymmetric  state  represented  by  the  large  deflections  uq(s)  and  w  (s) 
determined  in  the  nonlinear  prebuckling  analysis. 

In  the  linear  analysis  for  nonsymmetric  behavior  and  in  the  buckling 
and  vibration  analyses  the  second  sumcations  in  Eqs .  (85)  and  (86)  can  be 
represented  by  negative  values  of  the  wavenumber  n  .  Positive  values  of 
n  correspond  to  the  first  summations .  In  the  remainder  of  this  section 
the  subscripts  (  )  ^  and  (  will  be  dropped.  It  is  emphasized  that 

she  analysis  and  computer  program  are  also  valid  for  negative  values  of  n  . 

2 . 5 • Y  Finite  Difference  Scheme 

The  0  dependence  has  been  replaced  with  a  circumferential  wave- 
number  n  ,  so  that  only  one  independent  variable  remains  -  the  arc  length 
s  .  Figure  3  shows  a  shell  meridian  with  the  finite  difference  discretiza¬ 
tion.  The  continuous  variables  u(s),  v(s)  and  w(s)  are  replaced  by 

discrete  variables  u. ,  v.  and  w. .  The  u.  and  v.  occur  at  stations  mid- 

I  X  X  1  1 

way  between  the  w^ .  This  arrangement  of  discrete  variables  has  been  de¬ 
termined  to  be  superior  to  an  arrangement  in  which  v_^,  and  w^  corres¬ 

pond  to  displacement  components  at  a  single  point.  Detailed  comparisons 
between  the  two  schemes  for  constant  mesh  spacing  are  given  in  Ref.  15 • 

The  energy  is  evaluated  at  the  midpoint  of  the  integration  area,  denoted 
in  Fig.  3  by  a  heavy  line.  At  the  energy  point  "E",  u,  v,  and  s-derivatives 
u'  and  v '  are  given  by: 


U  =  (^  +  Vi>/2 

V  =■  (v.  +  V  V2 

v  1  1-1  ' 

U'  =  K-V!)/a 

v'  =  (v±  -  vi_1)/^ 

in  which  i  is  the  length  of  the  finite  difference  "element".  The  normal 

2-33 


n 
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displacement  w  and  its  derivatives  v'  and  v"  are  given  by  Eq.  (9)* 

The  s-integration  indicated  in  Eqs.  (l)  and  (3)  is  performed  numer¬ 
ically  by  multiplication  of  the  energy  density  at  *!E"  in  Fig.  3  by  the 
element  length  £ . 

With  the  substitution  of  Eqs.  (85)  and  (86)  in  the  various  energy 
components  and  constraint  conditions,  the  replacement  of  s-derivatives 
by  Eqs.  (87)  and  (9)j  the  replacement  of  time  derivatives  by  a  frequency 
parameter  and  the  numerical  integration  over  s  and  exact  integration 
over  0  ,  the  system  energy  and  constraint  conditions  can  be  represented 
as  an  algebraic  form  which  contains  as  dependent  variables  u^,  v^,  and 
w\  and  the  Lagrange  multipliers  and  (for  each  juncture 

and  constraint  condition) .  The  algebraic  form  also  contains  as  parameters 
the  shell  and  ring  properties,  the  loads  and  temperature,  and  the  frequency 
parameter  . 

2.5.8  Transf crmation  of  Energy  to  Algebraic  Form 

To  express  the  second  variation  of  the  energy  as  an  algebraic  form, 
we  must  operate  on  the  integro-differential  forms  given  by  Eqs.  (60)  with 
Eqs.  (6l)  -  (65)  (Shell  strain  energy  and  pressure-rotation  effect),  Eq. 

(60)  with  Eqs.  (79)  -  (8l)  (Discrete  ring  strain  energy),  and  Bq.  (82) 
(Constrains  conditions).  The  kinetic  energy  expressions  are  given  in  Ref.  3 
and  will  not  be  repeated  here.  They  are  unchanged  from  the  B0S0R3  analysis 
except  for  the  fact  that  the  discrete  model  now  includes  variable  mesh 
spacing . 

Krpression  of  the  energy  in  algebraic  form  is  performed  in  Subroutine 
cTA.  IL  i'hi  3 ul  outine  calculates  the  stiffness  matrix,  load-geometric 
mat-'ijt,  u  matrix,  mass  matrix,  and  load  vector  for  the  linear  stress  buck¬ 
ling  si.  v:  1  ~  ti  analyses.  In  the  equations  which  follow  certain  variables 

and  s  ur '-■ou  _  x:.  5TAEIL  are  identified.  This  identification  enables  the 

user  t:  uj  .  rsta.  the  program  more  thoroughly. 

In  Lq.  (60)  the  elements  of  the  matrices  A,,  A^,  and  A0  are  functions. 

-j-  <-  j 

f:  expr-  ss  the  energy  density  at  the  midlength  of  a  finite  difference  element, 
we  inti’  dace  a  vector  [q|,  defined  as 
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(08) 


I3M,  I2M,  I1M,  10,  IIP,  I2P,  I3P 


U1  -  UL  -  [cli_3>  (li_2»  qi-l’  qi+l'  qi+2'  qi+3 J 


I  w .  , ,  u . ,  v .  ,  v . ,  u 
L  i-i*  i  i 


i+l’  Vi+lJ 


wi+lJ 


in  which  w_^  ^ ,  u^,  etc.  are  shown  in  Fig.  3-  If  0-derivatives  in  Eqs  . 
(4o)  and  (51)  are  eliminated  by  means  of  separation  of  variables,  as 
shown  in  Eqs.  (85),  and  appreciate  finite  difference  formulas  such  as 
those  given  by  Eqs.  (9)  and  (87)  are  introduced  to  eliminate  s -derivatives 
of  u,  v,  and  w  and  to  express  u,  v,  and  w  themselves  in  terms  of  nodal 
quantities,  the  following  definitions  can  be  made: 


UEjVBTHB 

,  ,  6x7  7  3X7  7 

[«;  +  4\  =  tt]  =  [u,v,v]  =  [D]  {q} 

GETB1 
R0T 

'JxTl 

tx>  'l|;  v]  =  [R]{q] 

GETR0T 


(89) 


If  the  prestress  is  axisymmetric  the  quantity  e 4  6iven  by  Eq.  (5*0  is 
simplified  to 


CKEVAR 


(90) 


With  Eqs.  (89)  and  (90)  used  in  Eqs.  (6l)  -  (65)  and  the  assumption  of 
axi symmetric  prestress,  the  shell  energy  density  arrays  A^ ,  A 2,  and  A 
at  an  element  centroid  can  be  written  in  the  algebraic  form: 


MATMU4(C,B1,U, 6,7,1)  GETP  MATMU4(PRE,ROT,U,3,7,l) 


A1  =  LqJl  B"  C  B 


(91) 


A£  ‘  UJ 


(4s? 


tRiijLcii_!  +  iR2i)|c3i.j 


[B] 


(92) 


*  K  tB>T 


rlij  LRuj  +  ic3ii  Lr'2i 


ij 


GETP 


rn  -+J  Tv 

+  D  P  D  +  R  Mlin  R  j  {q} 


A3  .  LqJ  RT(vT  Cmen  V  *  4)  R  (q) 


(93) 


in  which 
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N  V 
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4o 

0 

Kin  ‘ 

0 

iT  v 

20LIN 

0 

0 

0 

(Nf  +  Nf  ) 

V  10  20/ 

0 

0 

(nv  +  n v  ) 

\  J.OLIN  2CLIN/ 

r~ 

"1 
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_ 

NL 


10NL 


0 
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ONL 

1  /  NV  +  NV  \ 
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(9b) 
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0 
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0 
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In  a  similar  way  the  discrete  ring  strain  energy  can  he  expressed  in  terms  of 
the  nodal  point  vsiriables  cori'esponding  to  the  attachment  point  of  the  ring. 
The  following  definitions  are  useful: 
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ii 


I 

1 

1 

I 

i 

I 

i 

1 

7 

X 
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1 
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RHFIX(IK) 

- - " - 

f  f  ,  C  +' 

F  =  G,  ,v  /r  -  Ie  oT  i 
11  c  c  J  r  r 


RHFXK 


FV  =  G,  ,u  V/r  -  |e  aTVdA 
11  c  '  c  J  rT' 


^x7 

[T]  fq} 

E*D  from  GETE,  GETD 


The  contribution  of  a  discrete  ring  to  the  matrices  A,,  An,  and  A-,  is 

X  o 


m  /  «T»  _ f  rp  —  -f\ 

Ax  -  UJ  T  |BjGBr  +  H  +  Kr  *  iy  T  {l} 


A2  =  LqJ  TT  (hV  +  R*  FVRr)  T  [q] 


A3  '  U 
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in  which 


Hf 


-H_ 

r 

c 

0 

0 


0 

0 

l 

r 

c 

0 


0 

0 

0 


(97) 


COG 
Ff  0  0 

0  Ff  0 


OOOO 


(98) 


The  stu.iility  constraint  conditions  are  handled  in  a  way  anal  jous  to 
those  ior  wne  prebucKling  problem.  We  are  interested  in  calculating 
9Uc / ,  which  from  Eq.  (82)  is  given  by 


fc 

39, 


XlU,i  +X2V,i  +  ^i  +HX,i 
+  6^U  -t  6^2V  +  6^w  + 


(99) 


in  which 


Uu 


=  K, 


*+ 

+  d 

39,  1  39, 


39i 


v_ 


D(1,I)  QD(1,I) 


V  . 


=  K, 


*+  *-  d,  ,  • 


39i 

— 

b>  ( 2 .  i ) 


sqi 


-  v  )  +  _2_  $(»  ,  ). 

39,  r  39, 


QP(2,I) 


(100) 


’-38 


9  Vittlfc*  iMU.U  ■ 


w  .  =  K .,  -r— 

3  mL 


D(3,I) 


M-  .  d 

aci^^  2  dq. 

QP(3,D 


=  K  SL.  _  2L. 
4  ^ 


D(4,l)  Qp(4,l) 


(100 
Cont  *d) 


U  --  K,(u*+-  u*"+d1x")  ;  V  =  K2(v  + 


+  (w  -  v  )/r  +  dgU  /rj 


W  =  K  (w*"1  -  w*‘  d  x”)  ;  X  =  K,  (X  *  X  ) 


The  computer  arrays  D(l,l)  -  D(4,l)  and  QP(l,l)  -  QD(4,l)  appear  in 
STABIL.  The  variables  K±  ,  K?  ,  ,  and  K1(  are  called  FTFX1,  FIFX2, 

FIFX3,  and  FIFX4,  respectively. 

The  local  matrices  A^,  Ag.<  and  A^  are  multiplied  by  r£s  or  rX 
to  get  the  energy  once  the  energy  density  is  known.  In  stress,  buckling, 
and  vibration  problems  A^  is  called  the  local  stiffness  matrix;  in  buck¬ 
ling  problems  A-  is  commonly  called  the  "load -geometric "  matrix  and  A, 

£-o  2  J 

is  called  the  "\~-matrix"  because  it  is  multiplied  by  \  .  In  subroutine 

STABIL  if  IBUCK^l  the  local  stiffness  matrix  A^  is  being  calculated;  if 

IBUCK=2  the  local  load -geometric  matrix  A^  is  being  calculated;  if 

IBIJCK-3  the  local  mass  matrix  M  is  being  calculated,  and  if  IBUCK-4 
2  X 

the  local  \  -matrix  is  being  calculated.  Assembly  of  these  local  matrices 
into  the  corresponding  global  matrices  K, ,  Kn,  h  ,  and  M  is  accomplished 
in  a  manner  completely  analogous  to  that  described  in  connection  with  the 
axisymmetric  prebuckling  analysis.  The  role  of  the  global  matrices  K^,  Kg, 
and  is  implied  in  Eq.  (37) • 

For  a  better  understanding  of  the  form  of  the  global  stiffness  matrix 
and  the  method  by  which  the  constraint  conditions  enter  the  algorithm,  the 
reader  is  referred  to  the  section  on  prebuckling  analysis  and  Figures  'f-±6. 
The  algorithm  for  nonsymmetric  linear  stress,  buckling,  and  vibration 
analyses,  the  subroutine  STABIL,  is  analogous  t.o  subroutine  PRESTS  in  trie 
regard.  Note  from  Figures  4-6  that  in  the  prestress  analysis  the  local 
matrices  labeled  ,<BCB"  are  5x5  and  the  constraint  condition  matrices  ”(£0" 
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and  "D"  ax'e  3X5-  In  the  non symmetric  stress^  buckling,  and  vibration  analyses 

o 

the  local  stiffness,  load-geometric,  x*~  >  and  mass  matrices  are  jxj  and  "QD" 
and  "D"  are  4x7- 

A  flow  chart  of  STABIL  is  shown  in  Fig.  22. 


The  linear  stress  analysis  is  based  on  the  same  equations  as  the  stability 
and  vibration  analysis,  except  that  the  "prestress "  terms  which  appear  in  the 
stability  and  vibration  quadratic  form  are  not  present,  and  the  energy  func¬ 
tional  is  not  homogeneous,  since  a  "right-hand-side"  load  vector  is  non-zero. 

This  load  vector  arises  from  the  thermal  terms  in  Eqs .  (l)  and  (2)  and  the 
linear  load  terms  in  Eqs.  (3).  The  thermal  and  mechanical  loads  are  distributed 
circumferentially  as  given  in  Eqs.  (86). 

The  load  terms  corresponding  to  distributed  thermal  and  mechanical  loads 
are  calculated  in  Subroutine  SRHS,  which  is  called  from  STABIL;  the  line  thermal 
and  mechanical  loads  are  calculated  in  Subroutine  RRHS,  which  is  also  called 
from  STABIL. 


2.6  Solution  of  the  Eigenvalue  Problems 

In  the  bifurcation  buckling  problem  the  eigenvalues  \  are  sought  for 
the  system 

K,x  +  \Ksx  +  \2K3>:  =  0  (37) 

2 

In  the  vibration  analyses  the  eigenvalues  q  are  sought  for  the  system 

K±x  -  n~Mx  -  0  (101) 

In  bifurcation  buckling  problems  with  nonlinear  prestress  analysis  Eq.  (37) 
is  solved  for  the  smallest  \  only.  This  solution  is  obtained  in  Subroutine 
EIGEN.  In  bifurcation  buckling  problems  with  linear  nre stress  analysis 
Eq.  (37)  is  solved  for  the  smallest  NVEC  eigenvalues  for  each  circumferen¬ 
tial  wavenumber,  n  .  Subroutine  EBAKD,  written  by  Frank  Brogan  is  used  for 
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the  analysis.  In  modal  vibration  analysis  Eq.  (101)  is  solved  for  the  smallest 
FvEC  eigenvalues  for  each  n.  Subroutine  EBAND2,  written  by  Frank  Brogan,  is 
used.  In  all  cases  the  eigenvalues  are  determined  by  the  inverse  power  method 
with  spectral  shifts. 

The  "quadratic."  eigenvalue  problem  given  by  Eq.  (37)  can  be  expressed  in 
the  form 


Pz  =  XQz  (102) 

in  the  following  way: 

Let 

y  =  -xk3x  (103) 

then  from  Eq.  (37) 


Kxx  =  -xK2x  +  \y 


(104) 


Eqs  .  (103)  and  (104)  can  be  expressed  in  the  matrix  form 


K±  0 

0  IJ 


=  X 


sed  in 

the 

•-k2 

I’ 

-K0 

0. 

3 

:‘l 


(105) 


which  is  the  form  of  Eq.  (102).  If  y  is  the  shift  scalar,  each  inverse 
power  iteration  has  the  form 

(P  -  ,.0)7.  =  a  Qz 

‘  n+1  n  n 

in  which  s^  is  a  normalizing  vector.  Eq.  (106)  can  be  written  in  terms 
of  x  and  y  ,  as  follows: 

(K1  +  ^2  +  M.  K3)  *n+i  -  sn[(-K2  -  yK3)xn  +  y 


(106) 


n+1 


^  -  s  K  x 
^  3  n+1  n  3  n 


(3  07) 


Inverse  power  iterations  continue  until  tne  eigenvalue 

(x-u)  =  (s  x  .x  jLl)/(x  . ..  *  x  _, ,  ) 
r.  n  n+1"  n+1  n+1' 
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(108) 


hag  converged  to  a  pre -determined  number  of  significant  figures. 


If  several  eigenvalues  are  being  sought,  it  is  necessary  to  orthogonal ize 
the  system  with  respect  to  those  eigenvectors  already  calculated.  This  is 
done  for  buckling  and  vibration  problems  in  subroutines  0RTH0  and  0RTH02, 
respectively.  In  0RTH0,  which  is  called  from  EBAND,  the  orthogonalizat ion 
process  is  based  on  the  system 


lKJ 

0  ’  1 
-i  1 

ixl  .  J** 

i  (  K 
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-K,  1  1 

3  j 
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(109) 


Ii 


Ml 

l2  i 


represents  an  eigenvector ,  then 


(x 
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(u2  -  K2ux)  .x  +  uryj 

hi 

[y. 

new 

u 

L(U2  -  K2Ul)-Ul  +  VU2_i 

hi 

Iii  bifurcation  buckling  analyses  in  which  nonlinear  prebuckling  effects 
are  included,  the  eigenvalue  \  represents  a  quantity  to  be  multiplied 
by  the  difference  between  two  known  prestress  distributions :  the  one 
corresponding  to  a  load  P,  for  example,  and  stored  in  array  P'SFIX  in 
subroutine  STABILj  and  tiie  other  corresponding  to  a  load  P  +  DP  and  stored 
in  array  PSVAR  in  subroutine  STABIL. 


Initially  P  and  DP  are  set.  by  the  program  user.  For  example, 

0  ,  DP^  -  1.0.  The  eigenvalue  >  corresponding  to  n  circumferen¬ 


tial  waves  is  calculated.  The  wavenumber  n 
va  1  ue 


is  varied  until  a  minimum 


\j  -  \(r.)  is  determined.  The  nonlinear  prestress  analysis  i  then 


performed  for  P,  =  P  ^  \nDP 
1  o  1  o 


DP 


is  set 


equal  to  1'^/ 1000  and  the 
nonlinear  prestresc  analysis  is  performed  for  I'p  =  +  DP^  .  The  pre- 

stress  distribution  corresponding  to  P  is  stored  in  PSP XX.  and  that 
corresponding  to  P^,  is  stored  in  PSVAR .  The  stiffne 


eludes  PSFTX  terms 


The  "load -geometric "  matrix 


matrix  K  in- 
and  "  matrix 


K.  include  terms  involving  the  difference  PSVAR -FSF1X .  A  new  \  =  \r 

1  C 

is  calculated,  and  a  new  load  P.,  -  Pn  +  is  thus  determined. 
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Iterations  continue  until  \  DP  ^  is  smaller  than  .00,5  P^. 

With  this  technique  it  is  possible  that  the  origin  P  of  the  eigen- 

K 

value  problem  gets  shifted  too  much,  such  that  the  new  origin  is  closer  to 
the  second  or  higher  eigenvalue  than  it  is  to  the  first.  To  avoid  result¬ 
ing  convergence  to  a  higher  root,  careful  track  is  maintained  in  EIGEN  of 
the  number  of  negative  roots  of  the  shifted  system.  In  this  way  convergence 
to  the  fundamental  buckling  load  is  assured. 


Section  3 

B0S0P.4  PROGRAM  ORGANIZATION 


The  B0S0R4  program  consists  of  a  main  program  MAIN  and  six  overlays  called 
READIT,  PRE,  ARRAYS,  BUCKLE,  M0DE,  and  PL0T.  Figures  23 (a -g)  show  the  overall 
Univac  1108  program  organization.  Figure  23(h)  gives  the  core  storage  required 
for  each  of  the  program  segments  for  the  CDC  6600 .  For  the  Univac  1108,  EXEC  8, 
core  storage  allocations  are  given  in  decimal  for  the  code  and  the  data  in 
Appendix  C.  The  1108,  EXEC  8  version  is  written  in  double  precision  FORTRAN  IV. 
The  CDC  6600  version  is  written  in  single  precision.  In  Figs.  23 (a -g)  a  box 
around  a  subroutine  name  indicates  that  this  subroutine  calls  other  subroutines . 
The  names  of  the  subroutines  called  are  given  only  the  first  time  the  name  of 
the  calling  subroutine  appears . 

3 , 1  Flew  of  Calculations 

Overall  control  in  B0S0R4  depends  on  an  integer  INDIC .  The  various  types 
of  analyses  chosen  by  the  input  variable  INDIC  are  listed  in  Section  1.1. 

The  flow  of  calculations  for  each  value  of  INDIC  is  given  in  Figs.  24(a), 
which  is  a  flow  chart  of  the  main  program,  MAIN.  Figures  24(b-g)  are  flow 
charts  of  some  of  the  more  important  subroutines  in  B0S0R4 .  Flow  charts  of 
PRESTS  and  STABIL  are  given  in  Figs.  17  and  22,  respectively.  A  brief  de¬ 
scription  of  the  flow  of  calculations  within  each  overlay  follows. 

All  of  the  input  data  are  read  in  READIT .  A  call  to  READIT  also  causes 

results  of  calculations  to  be  printed  out.  Some  general  data  which  pertain 

to  the  entire  shell  are  read  in  first.  Then  for  each  shell  segment  the 

meridian  geometry  (GEOMTX),  discrete  ring  properties  (RGDATA),  mechanical 

and  thermal  line  loads  (LINELD),  pressure  distribution  (DISTP),  temperature 

distribution  (DISTT),  and  shell  wall  properties  (WALLCF)  are  read  in. 

Figure  23(b)  shows  all  of  the  subroutines  called  in  the  first  overlay.  The 

subroutine  GASP,  which  is  called  in  several  places,  causes  certain  data  to 

be  stored  on  and  read  from  drum  or  disk.  These  data  will  be  used  in  the 

calculations  to  be  performed  in  other  overlays  .  The  calculations  in  the 

overlay  READIT  are  performed  in  single  precision  on  both  the  1108  and 

CDC  6600.  A  flew  chart  of  READIT  is  given  in  Fig.  24(b). 
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The  nonlinear  stress  analysis  for  axisymmetric  behavior  of  axisymmetric 

systems  is  performed  in  the  overlay  PRE,  a  flow  chart  of  which  is  given  in 

Fig.  24(c).  The  subroutines  called  from  PRE  are  shown  in  Fig.  23(c).  Data 

for  shell  and  discrete  ring  properties,  temperature  and  pressure  distributions, 

and  thermal  and  mechanical  line  loads  are  read  into  core  from  drum  or  disk 

(GASP),  "variable"  loads  are  increased  or  decreased  by  appropriate  increments 

or  decrements  (LOADS),  the  coefficient  matrix  and  "fight-hand- 

side"  vector  -AU^/pq^  are  derived  for  the  current  Newton-Raphson  iteration 

(APREB),  the  coefficient  matrix  is  factored  (FACTR) ,  the  equation  system  is 

solved  for  the  Aq.  (SOLVE),  if  iterations  fail  to  converge  the  load  is  re- 
J 

set  to  the  last  value  at  which  convergence  was  achieved  (UNLOAD),  and  the 
prebuckling  or  prestress  stress  resultants  and  stresses  are  calculated  from 
the  converged  displacement  vector  (PREB)  •  These  prestress  quantities  are 
stored  on  the  drum  or  disk  for  later  use  in  the  buckling  and  vibration  analy¬ 
sis  and  for  later  plotting.  Figure  17  gives  a  flow  chart  of  PRESTS,  in  which 
the  linear  equation  system  for  each  Newton-Raphson  iteration  is  set  up. 


In  the  next  overlay  ARRAYS  tiie  coefficient  matrices  corresponding  to 
the  buckling  analysis,  vibration  analysis,  and  linear  symmetric  and  non- 
syi  time  trie  stress  analysis  are  derived.  A  flow  chart  of  ARRAYS  is  given  in 
Fig.  24(d).  Figure  23(d)  shows  all  the  subroutines  called  from  ARRAYS. 

If  INDIC  =  3  the  load  vector  Q  is  calculated  in  ARRAYS  and  the  linear 
system  K^x  =  Q  is  solved  for  given  circumferential  wavenumber,  N.  De¬ 
pending  on  INDIC  various  coefficient  matrices  are  derived.  With  buckling 
analyses,  for  example,  three  matrices  are  obtained  in  ARRAYS  for  each  value 
of'  N  ,  the  number  of  circumferential  waves:  the  stiffness  matrix  K-j  for 
the  coirqjosite  shell  which  corresponds  to  the  structure  loaded  by  the  "fixed" 

parts  of  the  loads  (see  Section  tne  "load-ge ometric "  matrix  K0  which 

2  ^ 

contains  the  linear  eigenvalue  parameters,  and  the  k  "  matrix  which  con¬ 

tains  the  quadratic  eigenvalue  parameters.  These  matrices  are  derived  for 
a  given  value  of  the  circumferential  wavenumber  N.  Figure  22  gives  the 
f J ow  chart  of  STABIL .  The  "fixed"  and  "variable"  prestress  matrices  FSFIX 
and  PSVAR  contain  elements  which  were  derived  in  the  overlay  PRE  and  stored 

on  drum  or  disk.  The  arrays  K,  ,  K„,  and  K..  are  stored  on  drum  or  disk  in 

.1.  c.  < 

blocks  of'  length  IMAXB  for  use  by  the  next  overlay  BUCKLE.  In  modal  vibra¬ 
tion  analysis  two  matrices  are  derived  in  ARRAYS:  the  stiffness  matrix  K, 
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for  the  prestressed  shell,  and  the  mass  matrix  M.  These  arrays  are  stored 
on  drum  or  disk  in  blocks  of  length  IMAXB  for  later  use  in  overlay  BUCKLE. 

The  linear  equation  system  for  the  stability  or  vibration  analysis  is 
solved  in  the  overlay  BUCKLE,  a  flow  chart  of  which  appears  in  Fig.  24(e) . 
Figure  23(e)  shows  all  the  subroutines  which  are  called  by  BUCKLE  -  Subroutine 
BUCKLE  is  called  for  each  value  of  the  circumferential  wavenumber  N.  The 
arrays  derived  in  ARRAYS  are  read  in  from  drum  or  disk. 

If  INDIC  =  1  (linear  buckling  analysis)  the  eigenvalue  problem 

(K1  +  AK2  +  )  {x}  =  0  (HI) 

is  solved  for  the  first  NVEC  eigenvalues  with  the  correct  sign  (EBAND). 

In  many  structural  systems  buckling  is  physically  possible  with  loads 
oi  opposite  sign  than  those  actually  present.  Therefore  in  EBAND  eigen¬ 
values  which  are  negative  are  not  counted  as  "accepted"  roots.  It  is 
possible,  for  example,  for  the  user  to  specify  NVEC  =  3  and  for  more  than 
3  eigenvalues  to  be  obtained.  The  negative  eigenvalues  are  given  (printed 
out),  and  orthogonalizations  (0RTH0)  are  of  course  performed  with  respeci 
to  their  associated  eigenvectors,  but  calculations  will  continue  until  the 
prescribed  number  (NVEC)  of  positive  eigenvalues  has  been  determined.  With 
INDIC  =  2  the  eigenvalue  problem  to  be  solved  for  NVEC  eigenvalues  is 

(K!  -  n”M)  [X]  =  0  (112) 

in  which  M  in  the  mass  matrix.  (M,  incidentally,  is  not  diagonal  because 
u^  and  v^  are  at  "half"  stations  and  discrete  ring  rotatory  inertia  is 
included.)  This  solution  occurs  in  subroutine  EBAND2.  The  procedure  for 
finding  the  lowest  buckling  load  with  nonlinear  prebuckling  effects  in¬ 
cluded  3s  described  in  Section  2.6. 


Figure  2^(1')  is  a  flow  chart  of  the  overlay  M0DE  .  In  this  overlay  the 
solution  vectors  of  the  linear  stress,  buckling,  and  vibration  analyses  are 
proce  sed.  to  provide  displacement  and  stress  or  stress  resultant  distribution 
in  the  si ic 11  and  in  the  discrete  rings.  Figure  23(f)  shows  the  subroutines 
which  are  called  from  M0DE  -  Figure  2P(g)  is  a  flew  chart  of  the  overlay 
PLOT.  In  tills  overlay  the  data  which  are  printed  out  from  REABIT(2)  are 
plotted.  Figure  23(g)  siiows  the  subroutines  which  are  called  from  PL0T . 

These  routines  are  written  for  the  SC4020  plotter. 


Section  4 


INPUT  DATA 


4.1  Tables  with  Input  Data 

Tables  2-3  give  the  input  data  for  B0S0R4.  The  tables  show  the  data  names 
and  definitions  of  the  program  variables.  Further  explanation  for  some  of  the 
data  variables  is  provided  in  Section  1,  Tables  1.1  -  1.3,  and  Section  4.2 
below.  The  tables  are  presented  in  the  order  in  which  the  data  are  read  in. 

THE  FORMAT  OF  INTEGER  VARIABLES  (VARIABLES  WITH  NAMES  BEGINNING  WITH  I,  J,  K, 

L,  M,  N )  IS  1016 ;  THE  FORMAT  OF  FLOATING-POINT  VARIABLES  IS  6E12.8.  Figure 
25  shows  the  general  arrangement  of  a  data  deck  for  the  B0S0R4  program. 

Tables  4-10  show  the  input  data  for  samples  cases  1-7,  respectively. 

Cases  1-6  are  shown  in  Figs.  26-31,  respectively;  and  Case  7  is  shown  in 
Fig.  36.  The  output  for  these  cases  is  described  in  Section  6.  Reference  3 
contains  other  sample  cases,  in  particular  cases  based  on  the  complex  shell 
shown  in  Fig.  1.  The  input  data  for  these  cases  are  very  similar  to  those  for 
B0S0R4,  although  it  is  not  identical. 

Several  of  the  input  data  definitions  in  Table  2  contain  the  advice 
"See  Section  1.5",  or  "See  Table  1.2",  etc.  The  user  must,  follow  this  advice, 
especially  during  his  initial  acquaintance  with  B0S0R4. 

4 . 2  Input  Variab Les  which  Require  Judgment 

Some  judgment  is  required  in  the  selection  of  .some  of  the  input  quantities 
listed  in  Tables  2-3.  A  knowledge  of  shell  theory  is  helpful  in  this  regard. 
These  input  quantities  are  given  below. 

INDIC  ...  Control  integer  for  type  of  analysis.  It  is  often  advisable 

in  buckling  analyses  to  use  INDIC  =  1  with  a  rather  wide  range 
for  N  for  the  first  run  through  the  computer  (linear  buck¬ 
ling  analysis ) .  With  this"  choice  NVEC  buckling  loads  are  ob¬ 
tained  for  circumferential  wavenumbers  from  N  =  NOB  to  N  =  NMAXB 
in  steps  of  INCRB.  The  user  can  obtain  multiple  buckling  loads 
at  a  given  N  only  with  INDIC  =  1  and  4.  Computer  time  is 
often  saved  in  this  manner,  since  the  wavenumber  corresponding 
to  the  minimum  load  is  often  not  known  a  priori,  even  approx- 
iiiia t: <•  i_y  .  Also,  there  are  cases  for  which  two  minima  exist, 
and  the  user  must  find  the  absolute  minimum.  With  INDIC  =  -1, 
on Ly  the  relative  minimum  will  be  found  unless  more  than  one 
case  :i  s  nan,  each  case  with  its  own  range  of  N . 
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The  capability  of  finding  more  than  one  buckling  load  at  a 
given  N  is  particularly  useful  to  the  designer  who  wishes 
to  find  the  buckling  allowable  of  a  complex  shell  such  as 
that  shown  in  Fig.  1.  The  lowest  buckling  pressure  might 
correspond  to  buckling  of  the  cylinder,  but  at  a  few  psi. 
higher  Die  ogive  might  buckle.  Thus,  the  designer  would  not 
greatly  improve  the  overall  structure  by  strengthening  just 
the  cylinder.  He  must  know  the  loads  for  which  each  of  the 
segments  buckles  when  these  segments  are  analyzed  as  part  of 
a  larger  structure . 

In  cases  for  which  two  eigenvalues  are  close  together  or  for 
which  bifurcation  buckling  loads  are  close  to  ax i symmetric 
collapse  loads,  it  is  occasionally  advisable  to  use  INDIC  = 

In  this  way  the  first  vanishing  point  of  the  stability  determ¬ 
inant  is  approached  gradually,  and  if  axisyinmetric  collapse 
occurs  at  higher  loads  than  non symmetric  buckling,  the  sta¬ 
bility  determinant  will  change  sign  and  the  bifurcation 
buckling  load  will  be  determined. 

With  INDIC  -  4  there  are  two  possible  flows  of  calculations : 

If  IPRE  =  0  the  prebuckling  stress  resultants  TIpo  and  Npo 
and  the  prebuckling  meridional  rotation  XD  are  re ad- in 
directly  for  a  certain  number,  NSTRBS,  or  meridional,  stations. 
Lineal  interpolation  is  performed  internally  for  calculation 
of  these  prebuckling  quantities  at  all  of  the  mesh  stations 
of  each  segment .  Buckling  loads  (NVKC  eigenvalues  for  each 
circumferential  wave  number  N)  are  then  calculated  for  the 
range  NOB  to  NMAXB  in  steps  of  INCRB .  If  IPRE  j  0  the  pre- 
buckling  quantities  are  calculated  from  the  linear  theory  for 
nonsymmetri'cally  loaded  shells,  just  as  if  INDIC  were  equal 
to  j.  fhe  user  preselects  the  meridian  (value  of  Q,  callecT 
THETAS  in  Table  2)  which  he  feels  represents  the  ~nw'orst"  pre- 
stress  from  the  point  of  view  of  stability.  For  example,  a 
cylinder  submitted  to  external  pressure  which  varies  around 
the  circumference  will  generally  buckle  where  the  pressure  lias 
the  highest  amplitude.  The  B0S0R4  program  will  use  the  meri¬ 
dional  stress  distribution  at  0  =  THETAS  in  the  stability 
calculations.  In  Die  stability  analysis  the  flow  of  calcu¬ 
lations  for  both  cases  IPRE  =  0  and  IPRE  j-  0  is  the  same  as 
that  for  INDIC  =  1. 

NOB,  NMINB,  NMAXB  ...  Initial  circumferential  wave  number,  minimum  wave  number 
maximum  wave  number.  Judgment  is  required  here  in  the  case  of 
buckling  analyses,  for  which  Die  minimum  buckling  load  with 
circumferential  wave  number  is  being  searched  for.  The  com¬ 
puter  times  goes  up  approximately  linearly  with  the  number  of 
values  of  wave  number  N  which  must  be  investigated  in  order 
to  find  the  minimum.  Experimental  evidence  is  of  course  very 
useful  ii.  detei’iniuj  1 1(5  a  enoice  w±  lii'i-L ii  13 ,  and  wiwd  * 

If  none  is  available  the  user  is  advised  to  try  the  following 
formulas : 
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INCRB  .  .  . 


( 1 )  For  monocoque  deep  shells,  axial  compression : 

N  =  [(Nominal  circumferential  rad.  of  curv.)/t]J‘/  (l  -  u“) 

( 2 )  For  shallow  spherical  caps  supported  rigidly  at  their  edges; 
external  pressure 

N  =  1.8*o£*(R/t)1/?  -  5 

( 3 )  For  axially  compressed  conical  sheila  an d  frustrurps 

Use  formula  1  where  the  circumferential  radius  of  curvature, 
R ,  is  the  average  of  the  curvatures  at  the  ends. 

( b )  Spherical  segments  of  any  depth  under  axial  tension 
N  =  1.8*(R/t)1//2  Lin  [crx  +  ^.2  (t/p.)1'^'] 

where  ^  and  Qh  are  the  meridional  angles  at  the  segment 
beginning  and  end,  respectively. 

( 5 )  "Square"  buckles  for  short  shells  or  pane]  buckling 
N  =  tti'/l,  where  L  is  the  shell  arc  length. 


The  above  lisu  of  formulas  is  by  no  means  complete.  However, 
notice  that  (R/t)V2  in  a  significant  parameter.  If  N  is 
known  for  a  shell  of  a  given  geometry  loaded  in  a  certain  way, 
a  new  value  can  be  predicted  for  a  new  ,R/t  through  the  knowledge 
that  N  often  seems  to  vary  as  (R/t)^<  .  (R  is  the  circum¬ 

ferential  radius  of  curvature.)  Experience  in  the  use  of  the 
program  will  lead  to  further  competence  in  the  selection  of 
appropriate  values  for  NOB,  the  initial  guess  at  N.  The  user 
must  be  sure  that  the  input  range  NMINB  s  N  £  NMAXB  includes 
the  minimum  minimum  buckling  load,  (see  pitalls) 


load  harmonics 


with  both  sin  N0  ana  cos  KG 

— - - -  Y  -  -  - 

components,  the 

user  must 

include  both  negative  and  |)Osi 

Live  values  of  N 

in  the  range 

With  XNDIC  =  1  or  2  the  program  calculates  buckling  loads  or 
vibration  frequencies,  respectively .  for  N  =  NOB  through  NMAXB 
or  NMINB  in  increments  INCRB-  A  minimum  buckling  load  with  wave 
number  is  not  sought  automatically.  That  j.s,  INCRB  is  not  changed 
during  the  calculations. 

Initial  value  for  the  increment  (or  decrement)  by  which  N  is 
increased  or  decreased  in  buckling  and  vibration  problems. 

In  the  search  for  the  minimum  buckling  load,  for  example, 
one  may  only  be  certain  that  the  N  corresponding  to  the 
minimum  buckling  load  lies  in  the  range  2  s  N  £  100.  One 
might ,  therefore,  choose  INCRB  =  10  and  "zero  in"  on  a  more 
accurate  value  in  an  additional  run.  If  INDIC  =  3  the  value 
of  INCR  (positive  or  negative,  magnitude)  depends  upon  which 
circumferential  load  harmonics  are  present. 


Number  of  eigenvalues  to  be  calculated  lor  each  value  of  N. 

Applies  only  if  INDIC  =  1,  2  or  4.  The  number  of  eigenvalues  |  ^ 

to  be  calculated  depends  to  a  great  extent  on  computer  time  [  j 

available  to  the  user  and  the  number  of  mesh  points  being 

used  in  the  particular  case.  If  one  tries  to  find  many  eigen-  , 

values  of  a  system  with  few  degrees  of  freedom,  the  higher  { 

eigenvalues  will  not  be  accurately  determined.  In  general,  it 
is  advisable  with  B0S0R4  to  keep  NVEC  between  1  and  20,  B0S0E'! 

contains  on  eigenvalue  shift  capability.  Hence,  negative  eigen-  J 

values  are  not  included  as  "acceptable"  roots,  even  though  i. 

they  are  calculated  and  printed  out..  Also  there  is  no  loss  in 
accuracy  of  successive  roots  as  occurs  in  analyses  with  no 
"snif ting" .  j 

U?IX,  IFIXB  . . .  Displacement  restraint  coefficients.  Although  most  practical 

shell  structures  are  supported  at  their  ends  by  discrete  rings  j 

or  other  structures  which  can  be  modeled  as  discrete  rings,  it  1 

is  often  desirable  t.£>  be  able  to  specify  any  combination  of  the 

displacements  u  ,  v  ,  w  ,  and  the  meridional  rotation  x  equal  ! 

to  zero  at  the  boundaries  of  the  composite  shell.  These  re-  i 

straints  may  be  applied  even  though  there  is  a  ring  present  at 
the  boundary.  The  displacements  can  be  specified  equal  to  zero 
at  a  support  point  which  does  not  necessarily  correspond  to  the 
edge  of  the  reference  surface.  In  Fig-  1  is  shown  a  shell 
which  has  a  support  (u  -  v*  -•  0)  at  a  pojnt  "a"  which  is  re¬ 
moved  a  certain  distance  from  the  end  of  the  reference  surface  1  j 

meridian .  ■  * 

Certain  displacement  restraint  conditions  apply  for  planes  of  *  \ 

symmetry  in  shell  structures.  In  buckling  problems  if  use  is 
made  of  symmetry  conditions  one  must  test  for  buckling  loads 
corresponding  to  males  both  symmetric  and  antisymmetric  at  .  ■ 

that  end  of  the  shell  which  corresponds  to  its  plane  of  symmetry.  \  . 

If  one  wishes  to  analyze  a  shell  with  a  ring  support  at  o  plane 

of  symmetry,  one  may  cut  the  shell  at  the  ring  station  and  use  ; 

as  ring  modulus  ER,  torsional  rigidity  GJ,  and  mass  density  ,  , 

p  ,  one-half  the  actual  quantities.  The  other  ring  properties 

such  as  AREA,  IY,  IX,  El,  E2  remain  unchanged.  ; 


Dl(l),  D2(.l)  ...  Axial,  radial  discontinuities  in  meridian  between  adjacent- 
segments  or  distances  from  support  pioiuts  to  meridian.  The 
specification  of  these  parameters  sometimes  depends  upon  how 
the  user  decides  to  construct  the  mode],  of  the  actual  composite 
shell  structure.  A  shell  with  discrete  rings,  for  example, 
might  be  modeled  as  a  single  segment  with  the  discrete  rings 
considered  to  be  attached  at  certain  points  along  the  meridian. 
In  this  cose  the  analysis  "permits"  the.  shell  wall  to  bend  under 
the  portion  of  the  ring  which  is  attached  to  it,  since  the 
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attachment  point,  is  assumed  to  have  zero  length.  However,  the 
analyst  can  also  treat  the  same  problem  as  a  shell  of  many 
segments  in  which  the  portions  of  shell  wall  in  contact  with 
the  discrete  rings  are  considered  to  be  parts  of  the  rings. 

In  this  case  discontinuities  exist  between  the  reference  sur¬ 
faces  of  adjacent  segments.  In  especially  important  cases 
the  user  is  urged  to  model  the  structure  in  various  ways  and 
to  compare  the  results.  It  is  particularly  advantageous  to 
construct  the  models  in  such  ways  as  to  obtain  upper  and  lower 
bounds  on  stresses,  buckling  loads,  and  vibration  frequencies. 


P,  DP,  TEMP, 


DTEMP  ...  "Fixed"  pressure,  "variable"  pressure.  'Pixed"  temper¬ 
ature  rise,  "variable"  temperature  rise.  In  B0G0R4,  if  INDIC  /  3, 
the  pressure  distribution  on  the  shell  reference  surface  is 
given  by 


P*f (s)  or  DP*f (s) 


whei’e  f (s)  is  the  meridional  distribution,  read  in  as  in¬ 
dicated  in  Table  2  (PH,  PIP,  etc.,  FT,  PC,  etc.).  The 
temperature  distribution  has  an  analogous  form.  TEMP  must 
equal  unity  and  DTEMP  =■  0  if  any  shell  segment  has  NWALL  8 
(temperature-dependent,  material  properties). 


NPSTAT.  NTSTAT  • •  •  Number  of  meridional  stations  in  current  shell  segment  for 
which  pressure,  temperature  are  called  out.  Arbitrary  pressure 
and  temperature  distributions  are  permitted  in  B0S0R4.  The  user 
can  supply  pressures  and  temperatures  at  certain  stations  on  the 
meridian,  and  the  program  wj  1.1  supply  the  pressures  and  tempera¬ 
tures  at  all  meridian  stations  in  the  finite-difference  mesh  by 
linear  interpolation.  If  mechanical/thermal  loading  are  present 
with  INDIC  =  3  or  4,  NPSTAT/NTSTAT  must  be  a  2. 


NTGRAD  .  .  . 


Type  of  thermal  gradient 
NTGRAD 
1 
2 
3 


through  shell  thickness : 
Type  of  Gradient 
T  =  T1  +  T2*z  +  T3*z2 
T  --  Tl  +  T2*z 
T  =  T1  +  T2*exp  (z*T3) 


z  is  measured  from  the  reference  surface,  positive  in  same 
sense  as  positive  w. 


NWALL  ...  Type  of  shell  wall  construction.  Judgment  may  be  required  hero 

particularly  in  the  case  of  shells  stiffened  by  rings.  In  many 
instances,  it  may  be  difficult  for  the  user  to  decide  wl  ether  in 
Die  analysis  to  treat  the  rings  as  discrete  elastic  structures 
or  whether  to  smear  them  out. 


Some  experience  with  shell  behavior  is  a  valuable  guide,  of 
course.  If  computer  i.ime  is  no  obstacle,  then  the  user  is 
advised  to  analyze  a  given  shell  structure  both  ways. 
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In  important  analyser,  it  is  always  advisable  to  set  up  various 
models  of  the  structure,  which  leads  to  better  understanding 
of  the  benavior  of  the  system  and  more  confidence  in  the 
results.  Aii  analysis  in  which  the  rings  are  smeared  out  leads 
tc  prediction  of  general  instability  or  vibration  behavior  in 
which  both  rings  and  shells  are  in  motion.  Local  "panel"  buck¬ 
ling  or  vibration  can  be  predicted  only  if  the  rings  are  treated 
as  discrete.  In  stress  analyses,  stress  concentrations  which 
occur  in  the  neighborhoods  of  ring  stiffeners  can  be  obtained 
only  if  the  rings  are  treated  as  discrete. 

The  user  will  note  from  Table  2  that  two  brandies  are  provided 
for  the  analysis  oi  layered,  orthotropic  shell  segments, 

NWALL  =  5  and  NWALL  =  8.  With  NWALL  -  b  the  material  properties 
of  the  layers  are  regarded  as  temperature-independent.  With 
this  branch  the  temperature  can  be  treated  as  an  eigenvalue, 
and  buik.lj ng  temperatures  can  be  calculated.  With  NWALL  -  8, 
the  material  properties  are  regarded  as  temperature -dept ndent, 
and  the  temperature  cannot  Le  an  eigenvalue  (DTEMF  -  0)  .  If 
NWALL  -  8  for  an;,  of  the  shell  segments,  TEMP  must  be  equal  to 
1  arid  DTEMP  =  0.  The  temperature  distribution  on  those  seg¬ 
ments  must  be  axl symmetric .  If  1KDJ.C  =  3  the  N  =  0  harmonic 
must  be  the  first  harmonic  investigated. 

KMECH  •••  Number  of  mesh  points  in  a  site  13  segment.  Tne  values  of  HMESH 

are  among  tne  most  important  variables  In  the  analysis,  since 
they  govern ,  to  a  large  extent,  the  accuracy  of  the  solution. 

It  is  sometimes  advisable  to  vary  the  mesh  spacing  in  a  given 
shell  in  order  to  achieve  rapid  convergence  with  increasing 
number.;  of  points.  A  feeling  for  proper  values  for  HMESH  comes 
with  experience.  Few  points  are  needed  for  cases  in  which  the 
solution  is.  expected  to  vary  slowly  along  the  s'. .ell  meridian. 
Points  should  be  concentrated  in  areas  where  the  solution  is 
expected  to  vary  rapidly.  Note  “  lot  buckling  or  vibration 
medal  t.l  'placements  may  not  necessarily  vary  rapidly  in  the 
same  areas  as  prebuckling  quantities .  If  the  accuracy  of  some 
riunericM ..  results  is  in  doubt  one  may  run  the  case  again  with 
more  cr  with  fewer  mesh  joints.  A  jagged  solution  for  the 
hucfjing  or  vibration  mode  .indicates  the  need  for  more  mesh 
point...  If  one  is  planning  to  perform  a  parameter  study  based 
on  mells  oi'  similar  geometries  one  should  choose  a  sample 
esse  and  run  with  different  numbers  and  distributions  of  mesh 
points.  In  this  way,  the  user  more  or  less  "optimizes "  the 
computer  analysis  with  respect  to  accuracy  and  economy. 

NS'?,  IiRf.IN  ...  Meridional,  stupe  selector  v  j  thin  the  branch  NSilAPK  =  h  (general 
chapes),  number  of  mesh  joints  for  curve  fit.  The  geometry 
i  nraineter:;  r,  r ',  l/Rj,  l/R  and  (j/R  )  '  are  calculated  in 
the  branch  N SHAPE  -  a  hy  a  spline  J  i  t  method .  ( Subroutines 

SPLINE,  LPLICO)  .  Various  meridian  shapes  sec-  associated  witn 
various  values  of  NET.  for  each  value  of  NET  theie  is  an  input 
parameter  called  NliZIN  or  ZNUMb .  This  signifies  tne  number  oi’ 
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points  used  for  the  spline  fit,  and  does  not  have  to  be 
the  same  as  the  number  of  mesh  points  in  the  current  segment 
HMESH .  In  most  cases,  it  is  advisable  to  make  NRZxj.,  1  >ss 
than  NMESri .  In  any  case  NRZIN  should  be  greater  than  about 
10.  The  choices  NST  =  2  and  NST  =  b  correspond  to  meridians 
with  the  shapes  given  by  the  formulas  for  R  in  Fig.  33(d). 
NST  =  2  corresponds  to  a  meridian  the  shape  of  which  is 
generated  "left-to-iight";  NST  =  5  corresponds  to  the  same 
formula,  but  with  the  shape  generated  ,:right-to-left",  as 
shown  in  Fig.  33(d)*  These  branches  can  be  used  to  describe 
weld  sinkages,  for  example.  The  user  can  broaden  the  appi in¬ 
ability  by  changing  the  appropriate  formula  for  R  in  Sub¬ 
routine  SHELL . 


WRINGS  . .  .  Number  of  discrete  rings  in  a  given  segment.  It  is  pointed  out 

here  that  line  loads  can  be  applied  only  at  mesh  stations  which 
correspond  to  discrete  ring  locations.  Hence,  the  input  parans~ 
eter  WRINGS  must  allow  for  any  "fictitious"  rings  which  corres¬ 
pond  to  points  on  the  meridian  at  which  line  loads  are  applied, 
but  at  which  no  actual  rings  exist. 


PLIK1 (L,IoEG) 
PLIN2(L,ISEG) 
TLIII  (LjISSG) 
F-MStj  (LOISES ) 
PD.T  ST  ?  ( L ,  1 3EG ) 
tlist(l,iseg) 


Load  harmonic  amplitudes  corresponding  to  the  Ltii  harmonic 
to  be  treated  by  the  program.  Mote  that  the  circumfer¬ 
ential  wavenumber  N  is  not  necessarily  equal  to  L  , 
.since  five  na-j-monics  (L  =  1,  2,  j,  4,  5)  may  correapoi id 


to  H  -  0,  3;  fe)  9,  d2,  for  example.  Ttie  order  in  which 
the  harmonics  are  read  in  is  determined  by  K START,  NFIN , 

INCH,  as  discussed  above.  The  loads  are  harmonic  fund  ions 
of  the  circumferential  coordinate  9  are  given  by  Eqs  .  (86), 
where  tire  Nth  harmonics  are  denoted  V  ,  ,  S  ,  11  ,  ,  M.  ,  ,  etc  . 


,  lid  .til/  “nl’ 
The  subscript  "one1'  c 


ri.l 


and  V  p,  S  ,,,  H  .,  M  p,  etc, 

pondsto  positive  values  of  N.  With  N _ 

user  must  make  sure  that  all  of  the  line  loads  and  pressures 


cor res  - 
0  and  N  =  ±  1  the 


for  the  entire  structure  are  in  static  equl li b rium,  since 
tlie  load  components  and  moments  are  not  self -equilibrating 


for  these  wave  numbers.  The  line  loads  are  assumed  to  act 
at  the  centroids  of  the  discrete  rings .  See  Section  1.5, 
Table  1  " 


3  for  further  ex  plan  a  •*ion,  example  c 


iifc'ii 


,n  conventioi. . 


Section  5 


POSSIBLE  PITFALLS  AND  RECOMMENDED  SOLUTIONS 


The  following  is  a  compilation  of  items  which  may  cause  the  user  of  the 
B0S0Ri+  program  some  difficulty.  Suggestions  are  given  for  overcoming  the 
difficulties . 


5 . 1  Provision  of  Consistent  Input  Data 

In  the  initial  use  of  a  complex  program  such  as  B0S0R4  it  is  possible 
that  the  input  data  may  not  be  consistent.  The  user  is  urged  sc  check  care¬ 
fully  the  list  and  plot  output  for  errors  in  the  input  data.  It  is  advisable 
to  use  the  option  NPRT  =  2  (medium  output)  for  any  new  investigation.  In  par¬ 
ticular.  boundary  conditions;  position  of  discrete  ring  stiffeners;  meridian 
shape,  line  loads  aid  surface  loads  should  be  checked.  The  user  must  see  to 
it  that  the  input  .oaas  are  self -equilibrating.  Often  the  best  way  the  user 
can  familiarize  himself  with  the  input  procedures  is  to  run  case;;  for  which 
he  knows  the  answers  beforehand.  A  cueek  of  the  mode  shcpes  and  stress  dis¬ 
tributions  often  reveals  possible  errors  in  input.  It  is  emphasized  that  the 
user  should  check  the  cample  cases  to  see  if  they  can  nelp  him  to  set  up  a 
new  case . 


5 . ?  I j nding  the  Minimum  Buckling  Load 

Tne  theory  on  which  B0S0Rk  is  based  does  not  exclude  the  possibili ty  that 
severe]  values  of  circumferential  wave  number  N  may  be  associated  with 
inin?  mi.  i  buckling  loads.  One  must  always  find  the  minimum  minimum.  This 
problem  frequently  arises  in  the  calculation  of  buckling  loads  for  complex 
shells  or  ring  stiffened  shells.  A  ring-stiffened  conical  shell  under  ex¬ 
ternal  pressure  is  such  a  case.  Here  there  could  be  a  minimum  buckling 
load  corresponding  to  general  instability  and.  additional  minima  (at  higher 
values  of  N)  corresponding  to  the  local  failure  of  each  conical  frustrum 
(the  Lays  between  the  rings).  Physical  intuition  is  invaluable  as  a  guide 
to  finding  the  absolute  minimum  load  in  this  respect.  One  may  idealize  each 
nay  of  a  ring-st j f i ened  shell  by  assuming  that  the  bay  is  simply-supported, 
calculate  corresponding  "panel "  buckling  loads  with  coi'reGp'.ndlng  values  Oi 


J 


N  (perhaps  with  lineal’  prebuekling  theory  m  order  to  save  computer  time),  and 
then  use  the  critical  loads  and  values  of  N  as  starling  points  in  an  in¬ 
vestigation  of  the  assembled  structure.  For  problems  in  which  it  is  felt 
that  linear  prebuckling  theory  is  rat  Iter  accurate,  one  may  treat  the  assembled 
structure  by  exploring  a  wide  range  of  jN  with  INDIC  -  1.  Further  calcula¬ 
tions  with  the  critical,  values  of  N  could  then  be  made  in  subsequent  runs  . 

b ■ 3  Multiple  or  Closely-Space  Figenva lue s 

In  the  case  of  ring  stiffened  shells  it  may  turn  out  that  eigenvalues 
corresponding  to  vibration  frequencies  or  buckling  .loads  are  close  together. 
This  is  particularly  true  of  ring  stiffened  cylinders  where  the  rings  are 
equally  spaced  and  rather  stiff  in  bending  compered  to  the  shell  bending 
stiffness.  With  such  a  configuration  there  are  many  modes  in  which  the 
motion  of  the  rings  is  of  small  amplitude  compared  to  that  of  the  shell. 

The  bays  between  the  rings  vibrate  at  frequencies  or  buckle  at  loads  which 
may  approximate  those  corresponding  to  a  simply-supported  cylinder  of  the 
same  geometry  as  the  bay.  Multiple  Or  close -spaced  eigenvalues  correspond 
to  modes  in  which  one  or  more  of  the  bays  is  vibrating  or  buckling  while 
others  are  unaffected.  True  multiple  eigenvalues  are  eliminated  by  use  of 
symmetry  and  antisymmetry  conditions  at  planes  of  symmetry  in  the  shell. 

In  eigenvalue  problems  the  user  should  always  analyze  as  small  a  segment  of 
shell  as  possible  in  order  to  avoid  numerical  difficulties  associated  with 
multip] e  eigenvalue s  • 

b-h  ho- ns vi  or  at  Apex  of  bl.i'iJ 

Certain  regularity  conditions  exist  at  tiie  apex  of  shells  the  meridians 
cf  widen  intersect  the  axis  of  revolution .  These  conditions  have  been  satis¬ 
fied  to  live  extent  which  the  finite  difference  model  permits.  Because  of  the 
"half -station"  spacing  of  u  and  v  ,  however,  all  of  the  regularity  conditions 
are  not  satisfied  exactly  at  the  apex .  This  truncation  error  leads  to  errors 
j.i  the  IochJ  values  of  the  stress  resultants  in  the  immediate  neighborhood  of 
tu e>  apex.  The  actual  stress  resultants  at  the  apex  can  be  obtained  simply  by 

• 1,  i'.;j  j .  oi-la  1<  j  i  i*_t  "ulitj  i  Oiub  iOii  i  i  -'ii  i  ci  ]'*.^  Lii  i  j  t  lji  ci  Vi '  i  y  ±  i  Oiu  oiitt  3  j.  ]i  wil.lCJi 

i  t  i  .  rogiMsr. 


5 • 5  Calculation  of  Same  Eigenvalue  Twice,  Eigenvalues  Out  of  Order 

In  problems  for  which  the  user  requires  more  than  about  5  eigenvalues 
for  a  given  circumferential  wave  number  N,  the  subroutines  EBAOT)  and  EBAND2  may 
occasionally  compute  the  same  eigenvalue  and  eigenvector  more  than  once.  It 
is  also  possible  on  occasion  that  eigenvalues  will  be  calculated  out  of  order 
or  that  an  eigenvalue  will  be  missed.  Unfortunately,  there  is  no  way  to  make 
an  eigenvalue  finder  based  on  equations  of  the  type  used  in  the  B050R4  program 
100$  reliable.  The  calculated  eigenvalues  are  always  eigenvalues  of  the  system, 
but  occasionally  some  eigenvalues  may  be  repeated  or  missed.  If  it  is  suspected 
that  an  eigenvalue  has  been  missed,  it  may  help  to  run  the  case  with  a  different 
number  of  mesh  points,  or  to  run  the  same  case  with  a  higher  value  of  NVEC . 

5-6  Buckling  and  Vibration  of  Structures  with  Planes  of  Symmetry 

A  fairly  common  oversight  on  the  part  of  a  program  user  is  the  failure  to 
run  a  case  in  which  buckling  and  vibration  modes  are  sought  which  are  anti¬ 
symmetric  with  respect  to  a  plane  of  symmetry.  If  half  a  shell  or  a  part  of 
a  shell  is  being  analyzed  because  of  the  existence  of  planes  of  symmetry, 
then  the  analyst  must  check  for  buckling  and  vibration  both  symmetrical  and 
anti  symmetrical  with  respect  to  tne  planes  of  symmetry. 

5*7  Thermal  Buckling  in  Cases  with  Weak  Temperature  Dependence 

Consider  a  shell  with  combined  external  pressure  and  a  temperature  dis¬ 
tribution.  It  is  desired  to  find  the  combination  of  pressure  and  temperature 
which  cause  buckling.  Either  the  pressure  or  the  temperature  or  both  can  be 
considered  variable  (eigenvalue  parameters)  or  constant.  In  some  cases  buck¬ 
ling  may  be  due  almost  entirely  to  the  pressure,  with  variations  in  the  tem¬ 
perature  having  litcle  effect.  This  would  be  the  case  in  a  long  cylinder  with 
external  pressure  in  which  the  cylinder  is  free  to  expand  in  the  axial  direction 
but  restrained  radially  near  the  edges.  The  temperature  rise  causes  local  hoop 
compression  near  the  edges,  but  the  buckling  mode  corresponding  to  pressure  as 
the  eigenvalue  has  a  maximum  amplitude  away  from  the  edges.  Hence,  the  tem¬ 
perature  lias  little  effect  on  the  buckling  load.  If  the  temperature  is  con¬ 
sidered  to  be  the  eigenvalue  and  the  pressure  is  held  constant.,  it  is  possible 
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that  no  eigenvalue  will  be  found,  indeed  that  one  may  not  exist.  In  cases  in 
which  both  mechanical  and  t hernia 3  loads  are  present  it  is  advisable  to  consider 
the  mechanical  loads  to  be  the  eigen1  a lues  and  to  determine  the  effect  of  tem¬ 
perature  by  the  performance  of  a  parameter  study  with  temperature  as  the 
parameter . 

9 .  8  Stress  Resultant  or  Stress  Discontinuities  at  Junctures  and  Boundaries 

Stress  resultants  and  stresses  need  not  be  continuous  at  segment  junctures 
in  all  cases,  of  course.  However,  the  user  of  BOSOR^  will  notice  that  for 
some  cases  in  which  these  quantities  should  be  continuous  there  exist  small 
discontinuities  right  at  junctures.  These  discontinuities  arise  from  the 
fact  that,  the  finite  -difference  energy  method  leads  to  larger  truncation 
errors  at  boundaries  than  inside  domains.  If  the  user  is  particularly  in¬ 
terested  in  stress  at  a  juncture  or  boundary,  it  is  urged  that  he  concentrate 
mesh  points  in  this  area  to  minimize  truncation  error.  In  any  case,  the 
BOSOR^  program  is  written  so  as  to  minimize  the  effect  of  boundary  truncation 
error.  The  stress  resultants  are  "corrected"  as  described  on  pages  1J'2  and 
173  of  Ref.  15.  In  addition,  "extra"  mesh  points  are  automatically  inserted 
near  the  points  on  junctures  and  boundaries  in  order  to  make  the  truncation 
error  as  small  as  is  feasible  without  encountering  difficulties  associated 
with  precision  round-off  error.  This  feature  is  more  completely  described 
in  Section  6. 

5 . 9  IJonconvergence  of  Inverse  Power  Iteration  Method 

1. 1  certain  cases  the  inverse  power  iteration  method  lor  finding  real 
eigenvalues  may  not  converge.  The  reason  for  lack  of  convergence  is  usually 
that  complex  roots  are  present  corresponding  to  the  eigenvalue  problem 

(K1  +  AKo  +  \  K,)x  0  (87) 

An  example  is  buckling  of  a  simply -supported  1'Lnt  plate  with  uniform  lateral 
load.  The  prebuckling  behavior  of  the  plate  is  v  -ry  nonlinear,  and  there 
are  large  meridional  rotations  at  the  edge  of  the  plate  where  destabilizing 
;  .op  coriipivt.i.j  ye  Tureen  occur,  /mother  example  3s  a  uniformly  heated  cylinder 


simply  supported  at  its  edges.  The  local  restraint  near  the  edges  causes 
hoop  compressive  stresses  to  develop.  These  destabilizing  stresses  occur 
in  the  neighborhoods  of  the  edges  where  the  meridional  rotations  are  large. 

In  both  of  these  examples  the  large  meridional  rotations  cause  to  be  of 

greater  importance  in  relation  to  K-^  and  than  is  usually  the  case.  In 
situations  such  as  these  complex  roots  are  present  and  generally  prevent  con¬ 
vergence  of  the  inverse  power  iteration  method  as  formulated  in  Eq.  (37) • 

The  B080R4  program  is  written  such  that  if ,  during  inverse  power  iterations , 
the  sign  of  the  eigenvalue  changes  5  times  or  more,  the  solution  is  automati¬ 
cally  attempted  with  the  prebuckling  rotations  set  equal  to  zero.  If  the 
user  desires  a  solution  of  a  case  including  prebuckling  rotations  for  which 
the  presence  of  complex  roots  prevent  convergence,  he  is  urged  to  use  the 
IMDIC  =  -2  option. 

5 • 10  Correct  Modeling  of  Discrete  Rings 

It  has  been  common  in  past  analysis  to  neglect  out -of -plane  bending  stiff¬ 
ness  (terms  involving  I..)  and  torsional  stiffness  (terms  involving  GJ)  in  the 
analysis  of  shells  with  discrete  rings.  The  user  is  cautioned  not  to  neglect 
these  terms,  in  particular  not  to  neglect  the  out -of -plane  bending  stiffness 
of  the  discrete  rings  (I  ) .  Such  neglect  may  lead  to  very  low  estimates  of 
the  buckling  loads,  particularly  in  cases  in  which  the  ring  is  prestressed  in 
compression  and  in  which  its  centroid  is  located  at  several  shell  thicknesses 
away  from  the  reference  surface.  Note  also,  that  if  the  web  of  the  ring  is 
very  thin  iri  comparison  with  its  length  (height),  the  composite  shell-ring 
structure  may  fail  by  crippling  of  "s.idcsway"  of  the  web  .  These  failure  modes 
can  be  predicted  by  treatment  of  the  webs  as  shell  branches  rather  than  as 
parts  of  the  discrete  rings . 
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Section  6 


DESCRIPTION  OF  B0S0R4  OUTPUT 


In  this  section  a  glossary  is  given  and  the  output  corresponding  to  the 
seven  test  cases  shown  in  Figs.  26-31  and  Fig.  36  is  described. 

6.1  Nomenclature  of  the  B0S0RU  Output 


ALPHA 1 
ALPHAS 
ALPHAT 


CUR  ID 


DTEM? 


EIGENVALUE 


angle  from  axis  to  beginning  of  spherical  segment  (degrees) 

angle  from  axis  to  end  of  spherical  segment  (see  Fig.  3  ) 

distance  from  axis  to  ctr .  curvature  of  spherical 
segment 

2 

discrete  ring  cross-section  area  (in.  ) 

meridional  rotation,  denoted  x  in  analysis 

prebuckling  rotation  XQ 

meridional  curvature,  1/R,  (in.  1) 

normal  circumferential  curvature,  l/R  (in.  ) 

‘  —2 

s-derivative  of  meridional  curvature,  (l/R, )'  (in.”  ) 

stability  determinant  "mantissa":  Determinant  -  DET*10 

"variable"  radial  line  load  or  radial  line  load  increment 
(lbs/in)  (Pig.  21) 

"variable"  meridional  moment,  or  meridional  moment 
increment  (in-lb/in)  (Fig.  2l) 

''variable"  pressure  multiplier,  or  pressure  increment 
multiplier  (psi),  positive  internal 

"variable"  temperature  rise  multiplier,  or  temperature 
rise  increment  multiplier 

"variable"  axial  line  loaa  or  axial  line  load  increment 
(lbs/in)  (Fig.  2l) 

Meaning  depends  upon  case .  See  sample  output . 

discrete  ring  modulus  of  elasticity  (psi) 

discrete  lint,  radial  eccentricity  (in.)  (Fig.  21 ) 

discrete  ring  axial  eccentricity  (in.)  (Fig.  2 L) 

discrete  rin(5  torsiousl  rigidity  (lb-in  ) 

"fixed"  or  initial  radial  line  load  (lbs/in)  (Fig.  2l) 

number  of  Newtoii-Raphson  iterations  for  convergence  of 
nonlinear  axisymmetric  stress  analysis  to  wit  Inn  0.1$ 
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IX 

IY 

IX  Y 
M 

M10 ,  M20 
Ml,  M2,  MT 

N.10,  N20 
N 

NEX 

P 

PU,  PV,  PW 

PND 

RADIUS 

RAD 

RADD 

RC 

RM 

S(K) 

SHEAR 

SIGMA 1( IN), 
SIGMA 1 ( OUT ) , 
SIGMA2(IN) , 
SIGMAS (GUT) , 
SIGMAE (IN ) , 

SIGMAE ( OUT ) , 

TEMI' 

TMR 


SI (IN) 
3l(0UT ) 

SI (IN) 
S2(0UT) 
svon(in) 

svon(out) 


discrete  ring  moment  of  inertia  about  x-axis  (in') 

(PiC-  21) 

discrete  ring  moment  of  inertia  about  y-axis  (in  ) 

(Fig.  21) 

/  4 » 

discrete  ring  product  of  inertia  (in  ) 

"fixed"  or  initial  meridional  line  moment  (in-lb /in) 

(Fig.  21) 

prestress  or  prebuckling  meridional,  circumferential 
moment  resultants,  positive  as  shown  in  Fig.  35  (in-lb/in) 

linear  stress  analysis  meridional,  circumferential, 
twisting  moment  resultants,  positive  as  shown  in  Fig.  35 
(in-lb/in) 

prestress  or  prebuckling  meridional,  circumferential, 
resultants  (lb/in)  (Fig.  35) 

circumferential  wave  number 

exponent  for  stability  determinant  (see  PET) 

pressure  multiplier,  positive  internal  (psi) 


pl'  }>2’  If  Fig.  35:  meridional,  circumferential, 
normal  outward  pressure  components  (psi)  for  giver;  wave- 
number  N 


derivative  of  normal  pressure  with  respect  to  arc  length  s 

same  meaning  as  ROT  in  Fig.  32(b)  (in) 

radius  of  parallel  circle,  r,  in  Fig.  35  (in) 

derivative  of  r  with  respect  to  arc  length  s  (r') 

radius  of  discrete  ring  measured  to  centroid  (in.) 

2  h 

ring  material  mass  density  (lb-sec  /in') 

arc  length  to  klh  discrete  ring  from  "A"  end  o i  reference 
surface  (in) 

applied  shear  line  load.  Fig.  21(lb/in) 
inner  fiber  meridional  stress  (psi) 
outer  fiber  meridional  stress  (psi) 
inner  fiber  circumferential  stress  (psi) 
outer  fiber  circumferential  stress  (psi) 

inner  finer  von  Miser,  "effective"  stress  ffi 
(p::.i)  V 


"Inner"  fiber  on 
left  side  cf  in¬ 
creasing  arc 
length.  Outer 
fiber  oil  right  sin 


outer  fiber  vo:i  Mises  "effective"  stress  I 

(j'bi  )  i 

I 

"fixed "  or  initial  temperature  rise  multiplier 
"fixed"  or  initial  thermal  line  moment  about  x-axis  K 


OUTER 


T 


O 


TMRX 


!t  T 

fixed1'  or  initial  thermal  line  moment  about  y-axis  M 


TNK 

<ji  y 

"fixed"  or  initial  thermal  hoop  force 

TNI,  TN2 

meridional,  circumferential  thermal  stress  resultants 

T  T 

^  ,  r2 

TNI,  TM2 

meridional,  circumferential  thermal  moment  resultants 

T  T 

U,  UO 

meridional  displacement  component  (modal  or  linear  stress 
analysis,  prestress  analysis)  as  shown  in  Fig.  35  (in) 

UV,  USTAR 

axial  displacement  (u  in  Fig.  20)  for  prestress  analysis 

(in) 

* 

V,  VSTAR 

circumferential  displacement  component  v,v  in  nonsymmetri' 
analysis  (in)  (Fig.  35) 

V 

"fixed"  or  initial  axial  line  load  (lb/in)  (Fig.  2l) 

W,  WO 

normal  outward  displacement  component  (modal  or  linear 
stress  analysis,  prestress  analysis)  as  shown  in  Fig.  35 
(in) 

WSTAR 

radial  displacement  w  (Fig.  20) 

Z 

distance  from  shell  inner  surface  to  reference  surface 
(in) 

6.2  Description  uf  Computer  Output  from  B^S^R4 

The  output  from  B0S0R4  consists  of  print  output  and  SC4020  plot  output.  Seven 
cases  are  described  in  this  section.  These  cases  correspond  to  the  types  of  analy¬ 
ses  IND1C  -  -2.,  -1,  0,  1,  2,  3.»  and  4.  The  structures  being  analyzed  and  some  re¬ 
sults  are  shown  in  Figs.  26-31  and  Fig.  36.  The  list  and  plot  output  for  these 
seven  cases  is  given  in  Appendix  A.  The  input  data  are  given  in  Tables  4-10 
(Appendix  B)  . 

Cn se  jj-1:  Aluminum  Frame  Buckling 

Figure  26  shows  the  problem.  The  input  data  are  listed  in  Table  4.  This 
case  exerciser,  the  INDIC  =  1  option  .  It  represents  a  general  buckling  and 
crippling  analysis  of  a  "T"-shaped  frame,  and  illustrates  the  phenomenon  of 
more  than  one  minimum  in  the  "plot"  of  buckling  load  vs.  circumferential  wave 
number . 

The  i raise  is  treated  as  a  branched  "shell "  of  three  segments,  the  geometjy 
of  which  is  given  (with  constraint  conditions)  on  the  first  three  pages  (ni)  - 
(A3)  of  output.  The  user  will  notice  that  each  segment  has  two  mesh  points 
m.  re  than  the  number  provided  as  input  (see  values  for  NMESH  in  Table  4). 
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Two  addi  1  ional  w -points  (see  I’j  g ,  3)  n re  "inserted"  automat ically  between  Die 
1  irs.t  and  second  and  last  and  second-Lo-last  points  in  each  segment- .  T  hi  a 
measure  is  taken  in  order  to  reduce  the  truncation  errors  associated  with 
boundaries  and  to  prevent  spurious  modes  associated  with  the  fictitious  points 
(see  Rei  .  lb)  .  It  h  is  the  original  mesh  spacing  at  the  edges,  the  "extra" 
w-points  are  located  at  h/20  in  from  tlie  edges.  It.  is  emphasized  that  the 
user  does  not  need  to  consider  these  extra  points  in  making  up  3  case.  All- 
quantities  arc  automatically  "shifted"  to  account  for  the  internal  change. 

It  1:;  important  ts  point  ou  t.  that  the  "stations"  and _ "arc  lengths ' ' 

printed  out  on  1'age  Ad  refer  to  the  points  at  which  the  energy  density  E 
is.  evaluated  (see  Fig.  3 ),  and  not  in  general  to  the  "w "  mesh  points  . 

Earn  "energy  point"  is  located  hall' -way  between  adjacent  "u-points".  As 
seen  from  the  sketch  below,  if  the  mesh  spacing  varies,  as  it  does  at  the 
ends  of  each  segment,  the  "energy  points"  do  not  coincide  with  the  "w -points " 
in  regions  of  varying  spacing. 


I  & 

m  l/\ 


TiiO  positions  of  tne  first  four  stations,  2(j)  -  S(;i)  in  this  case  are  chain 
it.  the  above  sketch.  AjI  of  tne  output  quantities  ccrres]  oi  d  to  the 
"energy  stations"  Iv  .  In  addition,  discrete  rings  are  assumed  tn  he 
attached  at  the  "energy  stations",  and  not  at  the  "w -points”.  Branch 
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locations  also  correspond  to  "energy  points",  and  not  to  % -points 11 . 

Page  A1*  gives  data  fluted  to  the  constraint  conditions.  Two  sets  of 
data  appear:  those  corresponding  to  the  axisymmetric  prestress  problem, 
and  those  corresponding  to  the  nonsyinmetric  bifurcation  buckling  problem. 
"Types  of  Constraint"  refers  to  the  discussion  on  Pages  2-lk  and  2-15 • 

This  data  need  be  looked  at  only  if  the  user  suspects  a  bug  in  the  input 
or  in  the  program  itself. 

The  end  cf  Pages  A4  and  A5  shows  the  prestress  distribution  correspond¬ 
ing  to  the  "fixed"  or  "initial"  components  of  the  loads,  that  is,  corres¬ 
ponding  to  P  and  TEMP  (and  line  loads  V,  H,  and  M,  if  such  were  present). 
Pages  Ab  and  AT  show  the  "total"  prestress  state,  that  is  the  prestress 

quantities  N  ,  W  and  y  which  correspond  to  loads  P+DP  and  TiMPiDTEMP 
J.  O  t—O  o 

(also  V+DV,  H+DF,  M+DM,  if  such  were  present).  Tne  prestress  distributions 
corresponding  to  the  predicted  buckling  loads  X  are  given  by: 


iO 


20 


X  +  1), 


‘ko  -‘lo  .  ,) 

:r  '  tot  lrxed/ 

•  (»a>,  ,  -  V-  ,)  '  "  "a 

:r  '  tot  lived' 


fixed 


fixed 


cr 


(xo  "  Xo  .  J 

'  tot  lixed' 


X  +  y 


°f ixed 


(H3) 


in  which  subscript  "fixed"  denotes  the  quantities  listed  on  Page  A5  and 
"tot"  denotes  the  quantities  listed  on  Pages  Afo  and  AT • 

The  output  on  Page  AT  has  to  do  with  calculation  of  the  matrices  K-,  , 

K^,  and  K  [En  .  ( t  T )  J »  which  is  done  in  the  overlay  ARRAYS  (Fig.  23a),  and 

3 

calculation  of  the  lowest  eigenvalue,  which  is  done  in  tne  overlay  BUCKIE 
(Figs.  23a,  23e) .  Ail  of  these  calculations  correspond  to  two  circumferential 
waver. .  The  line  "h  NEGATIVE  ROOT'S  FOR  SHIFT,  AXT  =  0.00000"  may  help  the:  user 
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to  determine  if  any  eigenvalues  (roots)  have  been  missed.  In  this  case  there 
are  nine  negative  roots  for  zero  shift  because  there  are  nine  Lagrange  multi¬ 
pliers  associated  with  the  nine  "non-zero”  constraint  conditions  (see  integers 
listed  under  USTAR  VSTAR  WSTAR  BETA  on  page  Al) .  The  quantity  of  nega¬ 
tive  roots  for  zero  shift  should  always  be  equal  to  the  quantity  of  "ones11 
listed  under  USTAR  VSTAR  WSTAR  BETA  for  the  stability  and  vibration  and 
nonsymmetric  stress  constraint  conditions.  If  several  eigenvalues  are  to 
be  calculated  for  each  wavenumber  N,  and  if  the  user  discovers  that  a  root 
has  been  skipped,  the  lines  "9  negative  roots  ..."  can  be  used  with  the 
shifts,  AXT  to  bracket  the  missing  roots,  if  any.  The  statement  ,VTHERE  ARE  1 
EIGENVALUES  BETWEEN  .000  AND  .4258846+03"  will  tell  the  user  if  all  of  the 
roots  in  a  given  load  range  have  been  found.  This  number  of  roots  should 
equal  the  input  value,  NVEC . 

The  buckling  eigenvalues  \  and  mode  shapes  for  N  =  2,  6,  10,  and  14 
waves  are  given  on  pages  AJ  to  A13 •  The  user  can  see  that  N  =  2  corresponds 
to  overall  "avalization 11  of  the  ring  with  virtually  no  distortion  of  the  ring 
cross-section.  The  buckling  load  q  for  this  type  of  deformation  is  approxi¬ 
mately 

LXX  =  q  =  EI(N2-  l)/rc3  (114) 

in  which  is  the  length  of  the  first  segment  (L^  =  .453  in  Fig.  26)  over 

which  the  uniform  pressure  is  applied.  The  buckling  loads  for  higher  values 
of  N  correspond  to  crippling  of  the  web  (Segment  2). 

The  SC4020  plots  for  this  case  are  shown  with  the  list  output  of  the  modes. 
The  displacements  for  the  three  segments  are  plotted  in  series,  even  though 
the  structure  is  branched. 


Case  #2:  Buckling  of  Hydrostatically  Compressed  Cylinder 

This  case  provides  a  test  of  the  INDIC  =  -1  branch  of  the  program  for 
the  shell  shown  in  Fig.  27  and  the  input  data  are  listed  in  Table  5-  Notice 
on  pages  Al4  and  A15  that  two  sets  of  constraint  conditions  are  given.  The 
first  set  corresponds  to  the  axisymmetric  prebuckling  conditions,  in  which 

X  /  \ 

the  axial  displacement  u  is  permitted  at  the  beginning  of  the  shell  (s=0) . 
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The  second,  set  corresponds  to  the  buckling  constraint  conditions,  in  which 
the  shell  is  assumed  to  be  clamped  at  a  =  0.  Symim  try  conditions  ure  usc;d 
at  mesh  station  $80  both  in  tiie  prebuekling  and  in  the  stability  analyses. 
Pages  Al'j  to  A21  give  geometrical  data  and  physical  properties  of  the  system, 
which  is  treated  as  a  branched  shell  as  shown  in  Fig.  2'f.  (The  frame  flanges 
are  treated  as  discrete  rings,  not  as  flexible  shell  segments.) 

Prebuekling  behavior  is  determined  for  the  "fixed"  loads  (P  =  0.0)  and 
for  the  "fixed"  +  "variable "  loads  (p  +  DP  =  -1.0,  V+  DV  =  -.5075).  The 
load  summary  is  given  on  page  A22 . 

A  search  for  the  minimum  buckling  load  with  circumferential  wave  number 
P  is  being  made  on  page  A23,  with  the  prestress  distribution  corresponding  to 
zero  "fixed"  loads  and  a  "variable"  pres  sure  of  -1.0  ps.i  and  "variable" 
axial  load  of  -.5075  lb/in  (hydrostatic  line  load  -  pr/2) .  The  three  eigen¬ 
values  110^.97;  1475.91,  and  1301.55  correspond  to  the  three  points  labeled 
(.1),  (2),  and  (3)  in  Fig.  27*  At  the  end  oi  page  A23  a  new  estimate  of  the 
buckling  hydrostatic  pressure  p  -  -.1104.973  psi  corresponding  to  h  =  4  is 
available,  and  prestress  quantities  N  ,  hl^,  and  x arc  calculated  from  the 
nonlinear  axi symmetric  analysis  for  p  and  p  +  p/l.000  (top  of  A2h) .  The 
new  load  step  is  p/lOOQ,  or  about  -1.1  psi.  The  new  eigenvalue  is  -2.875, 
which,  when  multiplied  by  the  load  step,  gives  a  correction  'to  p  which  is 
less  than  0-5$  of  p.  The  process  ir>  thus  judged  to  have  converged,  and  the 
prebuekling  distributions  and  buckling  mode  are  listed  on  pages  A25  t trough 
A  29 . 

Pages  A27  -  A29  also  shew  the  SCh020  plots  of  the  prebuekling  quantities 
and  buckling  moae.  Again  the  quantities  are  plotted  as  if  the  segments  wore 
arranged  in  series  rather  than  branched. 

Case  7^3:  Nonlinear  Analysis  of  a  Uniformly  Loaded  Flat  Circular  Plate 

T I i.i  r  case  is  a  tost  oi'  the  INPIC  -  0  branci:  of  the  q-rogram  -  nonlinear 
sxi symmetric  stress  analysis  for  a  series  of  load  stops.  Figure  28  shows 
the  problem  with  some  results  and  the  input  data  are  listed  in  Tab  so  C. 

The  first  constraint,  condition  (Page  A30)  correspond. ••  to  a  "pole"  -  tne  ce..ter 
of  the  flat  circular  plate,  which  is  on  the  axis  of  revolution.  In  this  case 
PilRT  -  2,  s.o  that  we-  exj  ect  more  output  than  the  minimum  correspond! ng  to 


"".w jgfltaeM  inmniiMAiatSM^v^  d  ^ 


NPRT  =  1.  The  additional  output  consists  of  printout  of  the  wall  stiffness 

coefficients  C. .  (A31;  and  printout  of  computer  times  and  Newton -Raphson 
t  J 

iteration  numbers  in  the  nonlinear  analysis  (A33-AoM  •  In  buckling  and 
vibration  analyses  the  NPRT  =  2  output  option  provides  similar  tracking  of 
computer  times  for  formation  of  stiffness  matrices,  factoring,  and  inverse 
power  iterations.  The  user  is  advised  to  use  NPRT  =  2  until  he  is  thoroughly 
1  ami  I  iar  w  i  th  B0SAR4 .  The  displacements,  stx’ess  resultants  and  stresses  for 
the  two  load  steps  given  on  pages  A 32  and  A33  are  listed  on  pages  A3‘>  and 
A38-  The  SC^iOSO  plot  output  is  shown  on  pages  A36  and  A37-  In  the  plots 
one  can  clearly  see  the  effects  of  boundary  truncation  error  referred  to  in 
Section  [).8. 

Case  §h:  Cylinder  with  Three  Point  Loads 

This  case  is  a  test  of  the  INDIC  -  3  branch  of  B(6s$R4  -  linear,  non- 

symmetrie  stress  analysis.  The  problem  with  some  results  is  shown  in  Fig.  29 

and  the  input  data  listed  in  Table  7-  Advantage  is  taken  of  the  symmetry 
plane  at  s  =  24o".  The  user  can  look  at  page  A43  to  see  how  a  discrete  ring 
at  a  symmetry  plane  is  handled. 

In  addition  to  providing  a  test  of  the.  INDIC  =  3  branch  of  Bl)S[$R4,  this 

case  is  included  to  demonstrate  the  use  of  B0S0R4  for  analysis  of  point-loaded 

shells  and  to  illustrate  the  treatment  of  loads  which  repeat  at  a  number  of 
stations  around  the  circumference.  In  this  particular  case  the  load  can  be 
expanded  in  a  Fourier  series  in  the  interval  -  rr/3  ^  G  <  n/3  (L  -•  n/i)  .  Page 
A4l  shows  the  input  load  distribution  in  that  interval.  (Only  the  plus  Q 
coordinates  and  loads  need  be.  read  in,  since  we  know  that  the  function  is 
even;  see  input  data  in  Table  '( . )  The  range  of  circumferential  wave  numbers 
K  is  negative,  since  we  have  a  Fourier  cosine  series  for  the  radial  load  H. 
(See  Eqs .  (86)  and  pages  2-32,  2-33-)  Also,  we  know  in  advance  that  only 
every  third  N  contributes  to  the  Fourier  series  for  the  load  distribution 
shown  in  Fig.  29.  The  calculated  Fourier  harmonics  corresponding  to  the 
input  load  distribution  are  given  on  page  A4l.  In  this  case  the  minimum 
output  option  NPRT  -  1  is  used;  with  NPRT  -  2  the  user  obtains  the  summed-up 
Fourier  series  of  the  loads. 

Page  A42  gives  the  distance  of  the  reference  surface  from  the  inner 
surface  and  the  thickness . 


Pages  A43  through  A46  give  the  line  mechanical 


and  thermal  loads  for  all  harmonics  to  he  processed.  The  constraint  condition 
data  follow  immediately.  Virtually  all  of  the  machine  calculations  are  being 
performed  while  pa0cs  A 46  and  A47  are  being  printed  out. 

On  pages  A48  to  A53  the  meridional  distributions  of  displacements  and 
extreme  fiber  stresses  for  6  =  0,  10,  20,  35>  and  60  degrees  are  printed  out. 

On  pages  A!) 3  to  A5&  the  circumferential  distributions  for  0  ^  8  s  THETAM  for 
various  meridional  stations  are  printed  out.  Page  A1#  gives  the  force  and 
moment  distribution  in  the  discrete  ring.  Page  A  57  shows  the  SC402G  plots. 
Notice  the  very  large  change  in  mesh  spacing  within  the  segment. 

Case  #5 ;  Free  Hemisphere  Vibration 

This  case  represents  a  test  of  the  INDIC  =  2  branch  of  B0S0R4 .  The 
problem  is  shown  in  Fig.  30  and  the  input  data  listed  in  Table  8.  The  eigen¬ 
values  (frequencies  in  cyc3.es/second),  generalized  masses,  and  mode  shapes  are 
given  on  pages  A63  through  A75*  SC4020  plots  of  the  eigenvectors  are  also 

given . 

The  generalized  mass  is  calculated  from 

G  -  (0T  M0  )  (115) 

nass  rn' 

in  which  0  is  the  normalized  mode  shape  corresponding  to  N  circumferential 
waves,  and  M  is  the  mass  matrix  calculated  in  subroutine  STABIL. 

Test  Case  #6 :  Buckling  of  Cone  Heated  on  Axial  Strip 

This  case  represents  a  test  of  the  INDIC  =  4  branch  of  B0S0R4  -  buckling 
of  a  nonsymmetricolly  loaded  shell.  The  problem  i.s  shown  in  Fig.  31  and  the 
input  data  listed  in  Table  9.  It  is  similar  to  Test  Case  jf9  in  the  B0S0R3 
User's  Manual.  (Ref.  3),  except  that  here  advantage  is  taken  of  the  variable 
mesh  spacing  capability  of  B0S0R4  and  the  shell  is  run  as  consisting  c>  one 
segment . 

The  temperature  rise  distribution  is  given  by  T  =  f(s)g(0)  in  which 
g(fi)  is  computed  in  Subroutine  GETY,  written  especially  for  this  run  and 
listed  he  1  o’, ■ : 


b-9 
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The  meridional  distribution  l‘(s)  is  read  in  at  certain  stations  from  the 
experimental  data  given  in  Fig.  3.1  (see  Table  9). 

Twenty  harmonics  (iJ  =  O  to  -19  in  steps  of  -l)  are  used  for  calculation 
of  the  prebuckling  stress  state.  Negative  N  is  used  because  the  function 
g(8)  is  even,  and  therefore  to  be  expanded  in  a  Fourier  cosine  series. 

The  eigenvalues  given  on  page  A66  are  factors  to  be  multiplied  by  the 
input  temperature  rise  distribution  in  order  to  obtain  the  distribution 
corresponding  to  buckling  with  20  circumferential  waves.  No  distinction  is 
made  in  the  IHDIC  =  4  branch  between  "fixed"  and  "variable"  loads.  All  loads 
are  treated  as  if  multiplied  by  the  eigenvalue 

The  mode  shapes  follow  on  pages  A87  through  A92 .  SC4020  plots  are  also 

given  of  the  pre stress  and  the  modes . 


Test  Case  §'J :  Bifurcation  Buckling  of  Shallow  Cap 

This  case  represents  a  test  of  the  INDIC  =  --2  branch  of  B0S0R4  -  a  "plot" 
of  the  stability  determinant  with  increasing  load,  with  subsequent  change  of 
IKDIC  to  -1  upon  a  change  in  sign  of  the  determinant .  Nonlinear  prebuckling 
effects  are  included. 

Note  on  Page  A  94  that  the  curvatures  CUR.l  and  CUE2  are  negative.  This 
geometry  corresponds  to  the  sketch  below,  in  wnich  increasing  s  is  clock¬ 
wise  about  the  center  of  meridional  curvature .  Positive  pressure  is  in 
this  case  "external"  to  the  shell  in  a  physical  sense.  Note  from  the  output 
that  the  pressure  multiplier,  P,  is  positive.  From  the  input  cards 
(Table  10)  it  can  be  seen  that  Lie  pressure  distribution  function,  Pll,  etc. 
is  also  positive.  It  can  be  seen  (pages  A97-A98)  that  the  determinant 
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changes  sign  between  26  and  30  psi .  From  linear  interpolation,  based  on 
the  determinant  values  +12.837  and  -10.548,  a  new  load  guess  of  28.19572 
psi  is  tried,  and  INDIC  is  changed  to  -1.  On  Page  A99  appear  eigenvalues 
corresponding  to  the  problem 

r» 

(K,  +  XK2  +  X^)  x  =  0 

in  which  K,  is  the  stiffness  matrix  for  the  shell  loaded  by  a  pressure 
1 

ol'  28.19572;  K0  is  the  load -geometric  matrix  for  a  load  increment  equal 
to  30.00000  -  20. 19572  =  .iOoi-28  psi  (see  Page  A98);  and  is  the 

"prebucklii.g  rotation-squared"  matrix,  also  corresponding  to  a  pressure 
increment  of  .180428  psi.  The  lowest  eigenvalue  is  -.0433571  correspond¬ 
ing  to  two  circumferential  waves,  and  the  new  estimate  of  buckling  pres- 
sure  in  28.11749  psi.  An  increment  of  l/lOOO  of  2.8.11749  is  added  to 
this  estimate;  the  nonlinear  prebuckling  equations  are  again  solved;  and 

p 

a  new  eigenvalue  problem  (K^  +  XK,-,  +  XTC^)  x  -  0  is  solved.  This  time 
Kj  is  the  stiffness  matrix  at  28.11749  psi  and  and  correspond  to 

a  pressure  increment  of  .028117-  The  eigenvalue  is  small  enough 
(  |X*DP |< | .005*P | )  such  that  the  pressure  28.145&L  is  accepted  as  the 
suckling  pressure. 
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APPENDIX  B 


TABLES  AND  FIGURES 


CONSTRAINT  CONDITION  INPUT  CORRESPONDING  TO  FIG 


LO^TICN  YES(l)  or  NO(O)  CONSTRAINT  .DISCONTINUITIES 


BOSOR4  LOADS  NOMENCLATURE 
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TABLE  1.3  SIGN  CONVENTION  AND  ORIENTATION  OF  LOADS 


LOAD  CLASS 

LOAD  TIFE 

NAME 

UGH  CONVENTION 
(axis  of  revolution 

CIRCUMFERENTIAL  VARIATION 
FOR  N0N3YMMETRIC  LOADS 

vertical,  shell  merid¬ 
ian  to  right  of  axis) 

(positive  n) 

(  zero  or  ) 
(negative  n) 

Axial 

V 

positive  downward 

Sin  n9 

Cos  n9 

Mechanical 

Shear 

S 

positive  out  of  paper 

Cos  n9 

Sin  n9 

Line  Loads 

Radial 

H 

positive  away  from  axis 

Sin  n0 

C  os  n9 

Moment 

M 

positive  clockwise 

Sin  nR 

Cos  r;0 

Hoop 

VT 

N 

r 

see  page  B-ll,  TNR(l) 

Sin  n0 

Cos  n0 

Thermal 

1  Line  Loads 

x -Moment 

T 

M 

X- 

see  page  B-ll,  TMX(l) 

Sin  nB 

Cos  n0 

y-Moment 

T 

M 

y 

see  page  B-ll,  TMRY(l) 

Sin  n9 

Cos  nB 

Meridional 

traction 

P1 

positive  parallel  to 
increasing  arc  length,  s 

Sin  n9 

Cos  ii0 

Surface 

Traction 

Circumfer . 
traction 

p2 

positive  out  of  pajier, 
in  same  direction  as  v 

Cos  116 

Sin  nO 

&  Pressure 

Normal 

pressure 

P3 

positive  to  right  of 
increasing  arc  length,  s 

Sin  n9 

Cos  nB 

Temperature 

Distribution 

Temp,  rise 

T 

positive  for  temperature 
above  zero-stress  temp. 

Sin  n0 

Cos  n9 

B-lb 


TABLE  2 


INPUT  DATA  FOR  BOSOR4 .  INTEGER  FORMAT  10l6;  FLOATING  FT.  FORMAT  6E12.8 

•  Read  TITLE 

•  Read  INDIC,  NPRT,  NLAST,  ISTRES,  IPRE 

•  Read  NSEG,  NCOND,  IBOUND,  IRIGID 

•  Read  NSTART,  NFIN,  INCR  (Blank  if  INDIC  =  -2,  -1,  0,  1,  2) 

•  Read  NOB,  NMINB,  NMAXB,  INCRB,  NVEC  (Blank  if  INDIC  =0,3) 

•  Read  NDI3T,  NCIRC,  NTHETA 

•  Read  ITHETA(I),  1=1,  NCIRC 

•  Read  THETA(l),  1=1,  NDIST 

•  Read  THETAM,  T.HETAS ,  FREROT  (Blank  if  INDIC  =  0,  2) 

•  Read  ((lFIX(l,J),  J  =  1,6),  Dl(l),  D2(l),  1=1,  NCOND  ) 

If  IBOUND^ 0  and  INDIC=  -2, -1,1,  or  2#  Read  ( (lFIXB(l,j),  J  =  3.6),  1=1,  NCOND  ) 

If  IRIGID  /  0# Read  (ISTOPO(I),  I  =  1,6) 

If  IRIGID  ±  0«Read  (iSTOPl(l),  I  «  1,6) 

•  Read  P,  DP,  TEMP,  DTEMP  ) 

}  (Blank  if  INDIC  =  3  or  INDIC  =  4) 

•  Read  FSTART,  FMAX,  DF  )  t 

\  t 

10  Do  5000  ISEG  =  1,  NSEG 

•  Read  NMESH,  NTXPEH,  INTVAL 

If  NTXPEH  =  1  •  Read  NHVALU 

•  Read  (  IHVALU(l),  1=1,  NHVALU  ) 

•  Read  (  HVALU(l),  1=1,  NHVALU  ) 

If  NTYFEH  =  2  •  Read  (  HVALU(l),  1=1,  NMESH  -  1  ) 

If  NTYPEH  =3  No  cards  read,  constant  mesh  spacing. 

•  Read  shell  geometry  parameters,  imperfection  shapes,  location  of 
reference  surface  relative  to  shell  inner  surface,  (go  to  15) 

•  Read  discrete  ring  parameters;  number  of  rings,  locations  of  rings, 
cross  section  properties  and  material  propertj.es.  (go  to  25) 

•  Read  load  parameters:  mechanical  line  loads,  thermal  line  loads, 
mechanical  distributed  loads,  thermal  distributed  loads,  prestress 
distributions .  (go  to  100) 

•  Read  shell  wall  construction  parameters:  monocoque ,  layered,  fiber- 
wound,  corrugated,  semi-sandwich  corrugated,  temperature -dependent 
layered,  all  wilh  or  wish out  rings  ana  stringers  which  are  "smeared 
out"  in  the  analysis.  (go  to  3000) 


|  (Blank  if  INDIC  =  -2,  -1,  0,  1,  2) 


5000  Continue 
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*— * 


TITLE 
INDIC  .  . 


NPRT  , 
NLAST  . 

ISTRES  . 
IPRE 

NS  EG 
NCOND  . 
IBOUND 
IRIGID  . 

NSTART 

NFIN 

INCR 

NOB 

NMINB  . 
NMAXB . 
INC.RB  . 
NVEC  . 

NDIST  . 
NCIRC  . 
NTH  ETA 
ITH  ETA 
THETA  . 

THETAM 

THETAS 

PREROT 

IFK 

D1 

D2 


IFIXB 


ISTOPO  ,  . 


ISTOI  i  .. 


P 


DP 


TEMP  . 
DTEMP  . 

FSTART 

FMAX  . 
OF 


NMESH  . 
NTYPEH 
INTVAL 

NHVALU 

IHVALU 

HVALU 


72  or  !<**  alphanumeric  character*,  tint  41  of  which  appear  on  plots, 

-2  °  determinant  "plot"  ;  -1  =  bifurcation  buckling  with  nonlinear  preatreea;  0  =  nonlinear  atreaa  analyaia; 
l  =  linear  buckling,  eeveral  eigenvalue*/^;  2=  modal  vibration;  3  -  linear  itren;  2  -  linear  buckling  with  non- 
•ymmetric  preilre**.  See  Section  1.1,  (ample*  case*  in  Appendix  A,  Section  4,  2. 


1  *  minimum  printout;  2  =  medium  printout;  3  «  maximum  printout,  (U,e  2  almo*t  Always.) 

0  »  plot*  provided  for  thi*  ca.e;  -1  =  no  plot*  thi*  ca*e,  <SC  4020  plot  package  required) 

0  -  «tre*«  reaultanta  and  displacement*;  1  *  «tre«se*  and  displacement*  (1  with  monocoque  isotropic  only), 
meaningful  only  if  INDIG  =  4;  0  =  prestres*  read  in  from  card*;  1  =  pre*tre«*  computed  internally, 
number  of  *hell  *egment»  (lea*  than  25). 

number  of  point*  at  which  constraint  condition*  are  to  be  imposed  (lex  than  50). 

0  =  buckling,  vibration  constraint  condition*  lime  a*  those  for  axleymmetric  prestres*  analyst*;  1  =  different  fr. 
0  -  no  additional  rigid  bo3y  prevention  constraints  necessary;  1  =  additional  *uch  constraint*  are  necexary.  (Se*~ 

starting  circumferential  harmonic  for  non.ymmgtrlc  «tre««  analyst*.  (See  Sec.  1.5,  (Maximum  of 

ending  circumferential  harmonic  for  nonaymmetrlc  *tre««  analy«i«.~  Table  1.3,  pp  2*32,2-33)  20  harmonic* 

Increment  or  decrement  in  circumferential  wave*  for  non*ymmetrlc  »tres*  analyst*.  permitted. ) 


initial  circumferential  wave  number  in  buckling  or  vibration  analyst*. 

minimum  circumferential  wave  number  in  buckling  or  vibration  analy«i».  ,>ee  4.3  4.41 

maximum" circumferential  wave  number  in  buckling  or  vibration  analyal*.  '  Pa  >  1  I 

Increment  in  circumferential  wave  number  in  buckling  or  vibration  analysis. 

number "oT  eigenvalue*  to  be  calculated  for  t  ach  circumferential  wave,  N  (maximum  of  20  permitted). 


number  of  circumferential  stations  for  which  meridional  distributions  will  be  printed  and  plotted  (less  than  20). 
number  of  meridional  station*  tor  which  circumferential  distribution*  will  be  printed  and  plotted  (less  than  20). 
number  o7  points  In  the  output  for  circumferential  distributions  (less  than  100)  (NTHETA^NCIRC*^  less  than4500) 
meridional  station*  for  circumferential  distribution*;  e.  g.  ,  001010  means  segment  1,  mesh  point  10, 
circumferential  stations  in  degrees  for  which  meridional  distribution*  will  be  printed  and  plotted 
(S  THETAM). 

circum.  diet,  printed  and  plotted  for  0  *  BcTHETAM  (deg).  Load*  expanded  in  Fourier  seriee  in  interval 
-  THETAM  i|t  THETAM.  Meaningful  only  if  INDIC  =  3  or  4. 

meridional  prestres*  at  8  =  THETAS  used  in  stability  analysis  with  option  INDIC  =  4,  IPRE  =  1. 

0.0  =  prebuckling  rotations  included  in  stability  analysis;  1.0  =  not  included. 

constraint  condition  matrix;  see  Table  1. 1  for  example;  also  see"5ectlon  1.  4,  and  immediately  below. 

radial  component  of  distance  from  constrained  point  to  reference  surface  at  "minus"  side  of  point  (see  Fig.  19). 

axial  component  of  distance  from  constrained  point  to  reference  surface  at  "minus"  side  of  point  (lee  Fig.  19). 

Dl  and  DZ,  a*  seen  in  Fig.  19,  are  also  the  radial  and  axial  component*  of  discontinuity  between  two  shell  *egm. 

(See  Section  1.  4,  also  page  4-4) 

Example*  of  constraint  condition  .  ards  follow; 


Input  Card  Column  No. 


1 


12 


18  24  30  3fJ 


41} 


60 


Comment* 


(IFIX(1,  J),  J=l,  6),  Dl(l),  D2(l)  001 

(IFIX(2,  J),  J=l,  6).  Dl(2),  D2(2)  001 

(IFDC(3,  J),  J=l,  6),  Dl(3),  D2(3)  001 


'001.  (OOl 

095(0021 


1095' 


003 


.001 

1001 


ooy 


0  1  1 

1111! 
1111] 


4* 


175  +  1 

0  + 

ho  + 


oh 


oh 


25 

0 

0 


+  1 

+  0 
+  0 


bound,  cond.  card 
junct.  compat.  card 
branch  compat.  card 


Definitions 


Seg|  Pt  ISegj  Pd 


V*  w* 


Dl 


D2 


Identifications 


location 


variance  emstranrri 


radial  disc 


axial  disc 


Translation  of  constraint  #3;  Seg.  I,  point  95  is  connected  to  Seg.  3,  point  1*  All  variables  are  ubie. 


constraint  condition  matrix  for  bifurcation  buckling  and  vibration,  if  diftereut  trom  IFIX.  J  =  3,  6  corresponds 
to  the  four  Integers  in  columns  18,  24,  30,  and  36  above.  However,  on  this  card  these  values  arc  punched  in 
columns  6,  12,  18,  and  24,  respectively.  Used  only  if  IBOUND  t  0. 


constraint  condition  for  prevention  of  axisymmetric  rigid  body  modes  (N  “  0),  First  12  columns  must  be  the 
same  as  one  of  the  constraint  conditions  defined  by  IFDC.  Used  only  if  IRI.GID  ^  0.  (See  Section  1.4) 


constraint  condition  for  prevention  of  rigid  body  modes  associated  with  one  circumferential  wave(N  =  1). 

First  12  columns  must  be  the  same  as  one  of  the  constraint  conditions  defined  by  IFIX,  Use  only  if  IRIGID  i  0, 

(Sec.  1.  4) 

pressure  or  surface  traction  multipi  t.  Actual  pressure  p(s)  *  P*f(s),  in  which  f(s)  is  read  In  later  for 

eacK  shelT  segment  (see  table  entitled  'Pressure  and  Surface  Tractions  on  Shell  Segment,  ISEG").  This  quantity 

is  associated  with  l,fixedM  loads.  See  Sec.  1.  5,  Tbls  1.  2,  1.  3  for  further  explanation,  examples,  sign  convention. 

pressure  or  surface  traction  increment  multiplier.  Actual  increment  =  dp(  »)  =  DP+f(s),  With  INDIC  =  0  or  -2 
the  first  load  treated  is  P*f(a),  the^second  is  (P+bP)*f(a),  and  so  on,  up  to  FMAX*f(s),  where  FMAX  is  de¬ 
fined  below.  With  INDIC  =  -1  or  1 ,  DP  is  an  eigenvalue  parameter.  See  teat  casej  1  and  2*  Sec.  1,  5,  Tbls  l.  2,  1.  3 
temperature  rise  multiplier*  See  explanation  for  P  above. 
temperature  r is elncrement  multiplier.  See  explanation  for  DP  above. 

starting  value  of  load  multiplier.  May  represent  pressure,  temperature  or  discrete  ring  thermal  or  mechani- 
calltne  load.  See  Sec.  1.  5,  sample  rase  3.  Effective  only  if  iNDlC  =  0,  -2. 
maximum  value  of  load  multiplier.  Effective  only  if  INDIC  =  0  or  -2, 

load  Increment  multiplier.  uTe~coriect  signs  for  P,  DP,  TEMP,  DTEMP,  FSTART,  FMAX,  DF,  not  absolute 
values* ~  Effective  only' If  INDIC  =  0,  -2.  See  Section  1.  5. 

number  of  w-mesh  points  in  E5EGth  segment,  not  including  fictitious  points  (max.  ?9/ segment,  total  -  450). 

I.  2  variable  mesh  spacing;  3  =  constant  mesh  spacing. 

used  wUh  tNDIC  =  3  and  IFTdIC  =  4  options;  meridional  distributions  printed  out  for  every  INTVALth  mesh  point, 

number  of  values  of  mesh  spacing  (distance  between  adjacent  w-points)  which  will  be  read  in.  (Max.  ~  50) 
mesh  point  callouts  for  which  spacing  in  to  be  given.  Spacing  will  vary  linearly  between  these  callouts, 
mesh  point  spacing  at  callout  points.  HVALU(I)  =  meridional  arc  length  between  W(IHVALU(I))  and  (See  Fig. 
W(lrfVA.LU(I)  +  l).  See  Fig*  32.  Only  relative  sites  of  spacing  required,  not  absolute  values.  32) 
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SHELL  GEOMETRY  INPUT  PARAMETERS  FOR  SHELL  SEGMENT,,  ISEG 


1 

l\  1 


15  •  Read  NSHAPE,  NTYPEZ,  IMP 


If  NSHAPE  =  1  •  Read  Rl,  Zl,  R2,  Z2 


If  NSHAP'  2  •  Read  Rl,  7.1,  R2,  Z2,  RC,  ZC 
•  Read  SROT 


If  NSHAPE  =  3  •  Read  ARCLTH 

•  Read  NGVAL 

•  Read  (iGVAL(l),  1=1,  NGVAL  ) 

•  Read  (  RIN(l),  1=1,  NGVAL  ) 

•  Read  (RDIN(l) ,  1=1,  NGVAL  ) 

•  Read  (ClIN(l),  1=1,  NGVAL  ) 

•  Read  (C2IN(l),  1=1,  NGVAL  ) 

•  Read  (CLDIN(l),  1=1,  NGVAL  ) 


If  NSHAPE  =  4  •  Read  NST 

If  NST  =  1  •  Read  NRZIN 

•  Read  (Z(I),  R(I),  1=1,  NRZIN  ) 


If  NST  =  2  •  Read  NRZIN 

•  Read  RSTART ,  A,  B,  PHIS,  PHIE 

•  Read  CM,  ON 


If  NST  =  3  •  Read  NRZIN 

•  Read  ALPHA,  ROT 

•  Read  (DZ(l),  r(I),  1=1,  NRZIN  ) 


If  NST  =  k  9  Read  ZMAX,  XMAX,  ZA,  ZB,  ZNUMB,  ALPHAT 


If  NSHAPE  =  5  Dummy  geometry  subroutine,  no  cards  read. 


If  IMP  /  0  •  Read  ITYPE 

If  ITYPE  =  1  •  Read  FM,  C,  FLMIN,  FLMAX 

If  ITYPE  =  2  •  Read  WO,  WLNGTH 

If  ITYPE  =  3  •  Duirimy  position,  no  cards  read. 


If  NTYPEZ  =  1  •  Read 

•  Call 

•  Read 


NZVALU 

STA(NZVALU)  (See  Page  B-26  for  input  data  read  in  from  STA  ) 
(ZVAL(I),  1=1,  NZVALU  ) 


If  NTYPEZ  =  2  •  Read  ZSURF1,  ZSURF2,  ZSURF3,  ZSURF4,  Z SURF 5 


If  NTYPEZ  =  3  •  Read  ZVAL 


Geometry  parameters  have  now  been  read  in  for  current  shell  segment, 
ISEG  -  go  to  25 
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SHELL  GEOMETRY  INPUT  PARAMETERS  FOR  SHELL  SEGMENT,  ISEG 


NSHAPE 

NTYPEZ 


I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


I 

« 


I 

V 


IMP 

R1 

71 

RZ 

Z2 


RC  .  . 
ZC  .  . 
SROT 


ARC  LTH 
NGVAL  . 
IGVAL  . 
RIN 

RDIN  .  . 
Cl  IN  .. 
C2IN  .  . 
CIDIN  . . 


NST 


NR  ZIN 


1  =  cone  or  cylinder;  2  =  spherical  or  ogival  or  toroidal  lopment;  3  =  general  shape;  4  -  general  shape. 

1  ~  reference  surface  is  variable  distance  from  "inner1'  surface;  t  -  reference  surface  is  variable  distance 
from  "inner"  surface,  with  variation  given  by  a  certain  (unction  (see  below);  4  -  reference  rurfacc  a  constant 
distance  from  "inner"  surface.  See  Section  1.  2  for  definition  of  "inner"  aurface,  examples.  See  1  inure  l4. 

0  =  no  imperfection;  1  -  ye«  imperfection.  (Use  1  with  care,  not  checked  out. ) 

radius  from  axis  of  revolution  to  beginning  of  reference  surface  (radius  of  parallel  circle  of  shell)  (sec  below). 
axial  distance  Trom  some  datum  to  beginning  of  reference  surface  (see  below). 
radius  from  axis  of  revolution  to  end  of  reference  surface  (see  below). 
axial  distance  from  datum  to  end  of  reference  surface  (see  below), 

radius  from  axis  of  revolution  to  center  of  meridional  curvature  for  spherical  and  ogival  and  toroidal  shells 
(see  below). 

axial  distance  from  datum  to  center  of  meridional  curvature  for  spherical,  ogival,  toroidal  shells  (see  below). 
+  1.0  if  direction  from  (Rl,  Zl)  to  (R2,  Z2)  repres-nts  clockwise  motion  about  (RC,  ZC);  -1.0  otherwise. 
arc  length  of  segment. 

number  of  values  for  which  r,  r  1/R|,  l/R?,  and  (1/R|)*  will  be  read  in  as  input  data  (maximum  =  50). 
mesh  point  callouts  for  which  r,  r  \  l/R,,  lnl2i  and  (1/ R|)  '  will  be  read  in. 
values  of  parallel  circle  radius,  r,  at  callouts  IGVAL. 

values  of  derivative  of  r  with  respect  to  arc  length  s  (r*)  at  the  callout  points  IGVAL. 
meridionsl  curvature  l/R;  at  the  callout  points  IGVAL. 
normal  circumferential  curvature  1/ R 2  at  the  callout  points. 

derivative  of  meridional  curvature  with  respect  to  arc  length  a  (l/R,)  at  the  callout  points  IGVAL. 


1  -  general  shell  shape  for  which  cartesian  coordinates  oC  reference  surface  will  be  given;  2  =  shell  with  local 
wela  "sinkage'1;  3  =  spherical  shell  with  imperfection  at  apex;  4_=  toro_tdal  segment  with  elliptic  cross-  ~ 
section!  SeL  Figure  33  and  below  lor*  illustrations  of  these  types  of  shell  segments. 

number  of  (R.  Z)  pairs  or  (R,  DZ)  pairs  to  be  read  in  if  NST  =  I  or  3;  otherwise  number  of  points  for  spline 

7vr(max  =  loD).  -  2 

axial  coordinates  of  reference  surface  curve.  See  Figure 


R(I)  . 

.  radial  coo.tdinatei 

PSTART  . 

See  Figure  33d. 

A  .... 

See  Figure  33d. 

B  .... 

See  Figure  33d. 

PHIS  .... 

See  Figure  33d 

pi iie  .... 

,  See  Figure  33d. 

CM  .... 

.  See  Figure  33d. 

CN  .... 

See  Figure  33d. 

ALPHA  . . 

.  See  Figure  33d, 

ROT  - 

.  See  Figure  33d. 

nz(i)  .... 

See  Figure  33d. 

R(I) 

.  Sec  Figure  33d. 

z 

t 


B 


Ri.Zl 


HZ, 7,2 


Ml) 


-RC.ZC 


zc 


Rl,Zi 


7.MAX  . 
XMAX  . 
ZA 
7,R 

ZNUMD 

ALPIIAT 


rrM-. 

•  (  % 


axial  dimension  of  ellipse  (see  Fig.  33e). 
radial  dimension  of  ellipse  l»ee  Fig.  33e). 
axial  coordinate^of  beginning  of  segment  (see  Fig.  33e) 
axial  coordinate  of  end  of  ITegment  (see  Fig.  33c). 
number  of  points  for  spline  fit.  Maximum  value  =  100,  but  reco.nmend  use  of  no  more  than  50-7S. 
ai stance  from  axis  of  revolution  to  point  of  intersection  of  major  and  minor  axes.  (vS<*e  above  figure). 


"Hi'* 


ITYPE  .  1  =  sinusoidal  imperfections  with  random  amplitudes  and  wavelengths;  2  -  sinusoidal  imperfections;  3  =  dummy. 


FM 

C 

FLMIN  . 
FLMAX 


number  of  wavelengths  to  be  included  in  representation  of  imperfection, 
maximum  amplitude  of  imperfection. 

minimum  hall-wavelength  to  be  included  in  representation  of  imperfection, 
maximum  hnlf-wavelcngtTi  to  be  included  in  representation  of  imperfection. 


W0  . 

WLNGTH  .  .  . 

NZVALU  ... 

ZVAL(I)  ... 

7.SURFI,  ZSUR 
X.VAt. . 


amplitude  of  sinusoidal  imperfection, 
half- wavelength  of  sinusoidal  imperfection. 

number  of  stations  for  which  the  distance  from  shell  "inner"  surface  to  reference  surface  will  be  specified 
(Fig  34,  Section  l/T) . 

distances  from  shell  "inner"  surface  to  reference  surface,  measured  normal  to  the  reference  surface  (see 

7.5 


Fig.  34,  Section  1,  2), 


7.3 


F2,  ZSURF3,  ZSURF4,  7.SURF5  ...  coefficient in  function  F  -  Zl  +  72:  s  •  +  7.4*s 


7.  V  A  I , 


distance  from  sh-ll  "inner"  surface  to  reference  surface,  measured  normal  to  reference  surfat  e  and  positive 
if  'reference  surface  lies  "outside"  of  inner  surface,  that  is  "to  the  right"  of  the  inner  surface  ns  s  increases. 
See  Figure  34,  discussion  and  examples  in  Section  l.  2. 
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DISCRETE  RING  INPUT  PARAMETERS  FOR  SHELL  SEGMENT ,  ISEG 


25  •  Read  NRINGS 


If  NR1NGS  =  0,  go  to  100 

•  Read  NTYPE 

If  NTYPE  =  1  •  Read  (iPOINT(l),  1=1,  NRINGS  ) 

If  NTYPE  =  2  •Read  (Z(l),  1  =  1,  NRINGS  ) 

If  NTYPE  =  3  •  Read  (R(l),  1=1,  NRINGS  ) 

If  NTYPE  =  4  •  Read  (S(l),  1=1,  NRINGS  ) 

If  NTYPE  =  5  •  Read  (THETA(l),  1=1,  NRINGS  ) 

•  Read  (NTYPER(l),  1  =  1,  NRINGS  ) 


Do  50  1=1,  NRINGS 


If  NTYPER(l)  =  0 
If  NTYPER(l)  =  1 
If  NTYPER(l)  =  2 
If  NTYPER(I)  =  3 
If  NTYPER(I)  =  4 


no  data  read  for  current  value  of  do-loop  index  I 


•  Read  E, 

A, 

IY, 

IX, 

IX  Y, 

El, 

E2, 

GJ, 

RM 

•  Read  E, 

A, 

IS, 

IN, 

ISN, 

ZC, 

SC, 

GJ, 

RM 

Do  not  use  this  option 

•  Read  L(l),  T(l),  L(2),  T(2),  L(3),  T(3),  (See  Fig.  37) 

•  Read  E,  U,  X1P,  Y(l),  Y(2),  Y(3)  (See  Fig.  37) 

•  Read  RM 


If  NTYPER(l)  =  5  •  Same  input  as  for  NTYPER ( I )  =  4,  except  X,Y  axes  (Fig.  37) 

considered  to  be  normal,  tangential,  respectively,  to  shell 
ref .  surface  at  ring  attachment  point . 


50  End  of  do-loop  on  I 


Ring  parameters  have  now  been  read  in  for  discrete  rings  associated  with 
current  shell  segment,  ISEG.  Go  to  100 


DISCRETE  RING  INPUT  PARAMETERS  FOR  SHELL  SEGMENT,  ISEG 


WRINGS  .  .  .  number  of  discrete  rings.  If  a  discrete  ring  is  located  at  the  juncture  between 
two  segments,  it  is  considered  to  be  attached  to  the  segment  with  the  lowest 
identifying  number.  If  line  loads  are  applied  at  some  station,  the  user  must 
assume  that  a  discrete  ring  is  located  there,  even  if  no  ring  is  present  in  the 
actual  structure  at  that  point.  Maximum  of  20  rings  in  one  segment.  Maximum 
of  50  rings  in  entire  shell  structure. 

NTYPE  . . .  1  =  mesh  point  numbers  of  discrete  ring  attachment  points  to  be  read  in  (one 

attachment  point  for  each  ring);  2  =  axial  distances  measured  from  segment 
start  to  ring  attachment  points  to  be  read  in;  3  =  distances  from  axis  of  revo- 
luti  3n  to  ring  attachment  points  to  be  read  in;  4  -  arc  lengths  from  beginning 
of  segment  ISEG  to  ring  attachment  points  to  be  read  in;  5  =  angles  between 
axis  of  revolution  and  normals  to  shell  reference  surface  at  ring  attachment 
points  to  be  read  in.  Note  that  attachment  points  are  considered  to  be  on  the 
shell  reference  surface. 

mesh  point  numbers  of  attachment  points  of  discrete  rings. 
axial  distances  measured  from  segment  start  to  ring  attachment  points, 
radial  distances  measured  from  axis  of  revolution  to  ring  attachment  points. 
arc  lengths  measured  from  beginning  of  segment  ISEG  to  ring  attachment  points, 
angles  between  axis  of  revolution  to  ring  attachment  points,  normal  to  reference 
surface. 

NTYPER  .  •  0  =  no  rings  at  this  station,  no  cards  read  (used  if  line  loads  present  without 

discrete  ring  being  present). 

1  =  principal  axes  of  ring  located  in  x-y  directions  (x=  radial,  y  =  axial). 

2  -  principal  axes  of  ring  located  in  s-n  directions  (s  =  tangential,  n  =  normal 
(see  Fig.  2l). 

3  =  do  not  use  this  option. 

4  =  dimensions  of  ring  parts  read  in.  See  Fig.  37.  X,  Y  axes  normal  and 
tangential,  respectively,  to  shell  axis  of  revolution. 

5  =  dimensions  of  rin^  parts  read  in.  See  Fig.  37.  X,  Y  axes  normal  and 
tangential,  respectively,  to  shell  reference  surface  at  attachment  point. 

discrete  ring  Poisson  ratio, 
discrete  ring  elastic  modulus. 
discrete  ring  cross-section  area. 

moment  of  inertia  about  y-axis  (axis  in  axial  direction  through  ring  centroid), 
moment  of  inertia  about  x-axis  (axis  in  radial  direction  through  ring  centroid). 
product  of  inertia  relative  to  the  x-y  axis  system, 

radial  component  of  distance  from  ring  attachment  point  to  ring  centroid 
(Fig.  21). 

axial  component  of  distance  from  ring  attachment  point  to  ring  centroid, 
ring  shear  modulus~G  times  torsion  constant  J. 
ring  material  mass  density^ 


IS  .  moment  of  inertia  about  s-axis  (axis  parallel  to  reference  surface  through 

ring  c  eutroid)i 

IN  .  moment  of  inertia  about  n-axis  (axis  normal  to  reference  surface  through 

ring  centroid). 

ISN  .  product  of  inertia  in  s-n  system. 

ZC  .  distance  from  ring  centroid  to  tangent  of  reference  surface  at  ring  attach- 

ment  point,  positive  as  shown  in  Fig.  21. 

SC  .  distance  from  ring  centroid  to  normal  to  reference  surface  at  ring  attach- 

ment  point,  positive  as  shown  in  Fig.  21. 


U 

E 

A 

IY 

IX 

IXY 

El 

E2 

GJ 

RM 


IPOINT 

Z 

R 

S 

THETA 
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MECHANICAL  LINE  LOADS  ON  SHELL  SEGMENT,  ISEG 


TOO  If  (INDIC  =  4  and  IPRE  =  0)  go  to  2000 

•  Read  LINTYP 

If  LINTYP  =  0  or  LINTYP  =  2,  or  NRINGS  =  0,  no  mechanical  line  loads.  Go  to  300. 
If  (INDIC  =  3  or  INDIC  =  4)  §  Read  NTYFEL  *  — -  ~ 

•  Read  NLOAD(l),  NL0AD(2),  NL0AD(3),  NL0AD(4) 

If  (NLOAD(l)  =  1)  •  Read  (V(l),  1=1,  NRINGS) 

If  (NL0AD(2)  =  1)  •Read  (S(l),  1=1,  NRINGS) 

If  (NL0AD(3)  =  1)  •Read  (H(l),  1=1,  NRINGS) 

If  (NL0AD(4)  =  1)  •Read  (M(l),  1  =  1,  NRINGS) 

If  (INDIC  =  3  or  INDIC  =  4)  Go  to  105 

•  Read  NLOAD(l) ,  NL0AD(2),  NL0AD(3),  NL0AD(4) 

If  (NLOAD(l)  =  1)  •  Read  (DV(l),  1=1,  NRINGS) 

If  (NLOAD (2)  =  1)  •  Read  (DS(l),  1=1,  NRINGS) 

If  (NLOAD ( 3 )  =  1)  •  Read  (DH(l),  1=1,  NRINGS) 

If  (NLOAD (4)  =  1)  •Read  (DM(l),  1=1,  NRINGS) 

Axisymmetric  mechanical  line  loads  have  now  been  read  in  for  segment  ISEG* 

Go  to  300. 


105  If  (NTYFEL  =  4)  Go  to  120 

•  Read  (PLINl(L,  ISEG),  L  =  1,  number  of  harmonics) 

•  Read  (PLIN2(L,  ISEG),  L  =  1,  number  of  harmonics) 

Nonsymmetric  mechanical  line  loads  have  now  been  read  in  for  segment  ISEG* 
Go  to  300. 


120 


330 


Continue 

If  (NLOAD (l)  =  0  and  NLOAD ( 3 )  =  0  and  NL0AD(4)  =  0)  Go  to  330 

•  Read  NX,  NOPT,  NODD 

•  Read  (  XPLUS(j),  J  =  1,  NX  ) 

:  If  NOPT  =  1  •  Read  (  YFLUS(j),  J  =  1,  NX  ) 

•  Read  (YMINUS(J),  J  =  1,  NX  ) 


:  If  NOPT  =  2  •  Read  (  YPLUS(j),  J  =  1,  NX 
:  If  NOPT  =  3  •  Call  GETY(NX,  XMINUS,  XPLUS 

Continue 

If  (NLOAD (2)  =  0)  Go  to  350 


•  Read  NX,  NOPT,  NODD 

•  Read  (  XPLUS (j),  J  =  1,  NX  ) 

If  NOPT  =  1  •  Read  (  YPLUS(.T),  J  =  1,  NX) 
•  Read  (YMINUS(j),  J  =  1,  NX) 

:  If  NOPT  =  2  •  Read  (  YPLUS(j),  J  =  1,  NX) 

:  If  NOPT  =  3  •  Call  GETY (NX ,  XMINUS,  XPLUS 


350  Continue 


All  data  for  mechanical  line  loads  in  current  segment  ISEG  have  been  read  in . 
Go  to  300. 

B-8 


I 


MECHANICAL  LltfE  LOADS  ON  SHELL  SEGMENT,  ISEG 


INDIC  , 

IPRE  , 
LINTYP 


NRINGS 


an.ly.L  type.  INDIC  *  3  correspond.  to  linear  lymmotrir  end  noneymmftrir  etme  enelyrtie. 

INDIC  =  4  correspond,  to  linear  budding  with  non.ymmetrtc  preetreeu  analysis, 

1  s  preatreea  calculated  in  program!  0  =  prestress  read  in  from  data  cards,  IPRE  only  applies  if  INDIC  -  4, 

0  B  no  line  loads  of  any  type,  either  thermal  or  mechanical,  for  this  shell  segment. 

1  =  mechanical  line  loads  only.  No  thermal  line  loads,  for  this  shell  segment. 
rrtKe  rmal  Hncloada  only,  no  mechanical  line  loads,  for  this  ■hell  segment. 

3  b  both  mechanic aT and  thermal  line  loadg  present  for  thit  shell  ■Pgmrnl, 

number  of  discrete  ring*  in  this  segment,  including  "fictitious"  discrete  rings  required  for  those  stotious 
where  line  loads  are  applied  but  no  rings  actually  exist. 


NTYPEL.  .  3  *  Fourier  amplitudes  for  circumferential  distribution  of  line  loads  read  in,  including  axisymmetric  har- 

monic.  These  harmonic  load  amplitudes  correspond  to  the  circumferential  wave  numbers  NSTART  to  NFIN  in 
increments  of  INCR,  where  NSTART  =  starting  harmonic,  NFIN  -  ending  harmonic,  and  INC.R  *  increment 
or  decrement  in  the  circumferential  wave  number  between  harmonics. 

4  *  line  loAd  amplitudes  at  various  circumferential  stations  either  read  in  directly  or  computed  by  ueer- 
written  sub  routine,- then developed  into  FouirieT  series  internally  for  circumferential  waves  NSTART  to 
NFIN  in  steps  of  INCR. 


NLOAD(l) 

NLOAD(2) 

NLOAD{3) 

NLOAD(4) 

V(I)  .  .  4 
S(I)  .  .  . 
H<I)  .  .  . 
M(I)  ,  .  . 

DV(I)  .  . 
DS(I)  .  . 
DH(t)  ,  . 
DM(I)  .  . 


IMPORTANT  NOTE:  In  each  shell  segment  the  line  loads  must  be  expressible  as  a  product  /(I)0 9),  in 

which  I  represents  the  Ith  discrete  ring.  The  series  can  differ  from  segmrnt  to  seg¬ 
ment,  but  must  involve  the  same  circumferential  wave  numbers,  NSTART  to  NFIN  in 
steps  of  INCR,  for  all  segments,  The  Fourier  series  for  line  loads  V,  II,  and  M  must 
be  identical  in  a  given  sogrmnt.  The  Fourier  series  for  S  (shear  load)  may  be  different 
(see  definitions  for  PLINl,  PLIN2,  below).  See  Section  l.  5, 


1  -  axial  line  loads  V (I)  present  in  this  segment;  0  -  no  axial  line  loads  in  this  segment. 

1  -  shear  line  loads  S(I)  present  in  this  segment;  0^  no  shear  line  loads  in  this  segment. 

1  =  radial  line  loads  H(I)  present  in  this  segment;  (T-  nu~  radial  line  loads  in  this  segment, 
1  r  line  moments^lfl)  present  in  this  segment;  0  =  no  line-  moments  in  this  segment. 


axial  "fixed"  or  initial  line  load  factor  associated  with  Ith  discrete  ring. 
■bear" ^fixed"  or  initial  line  load  factor  associated  with  Ith  discrete  ring. 
radial  "fixed"  or  initial  line  load  factor  associated  with  Ith  discrete  ring. 
"fixed"  or  initial  line  moment  factor  associated  with  Ith  discrete  ring. 


(See  Tables  l.  2,  1.  3. 
Section  1.  5  for  sign 
convention,  examples, 
further  explanation.  ) 


axial  "variable"  line  load  or  line  load  increment  associated  with  Ith  discrete  ring. 

shear" ''variable^1  line  load  or  line  load  increment  associated  with  ith  discrete  ring.  (Do  not  use  in  BOSOR4,  ) 
radial  ^variable"  line  load  or  line  load  increment  associated  with  Ith  discrete  ring. 

''variable"  line  ‘moment  or  line  moment  increment  associated  with  Ith  discrete  ring. 


IMPORTANT  NOTTS:  I. 

2. 

3. 

4. 


If  INDIC  r  3  or  INDIC  =  4,  actual  line  locds  are  given  by  V(l)*Ui(9), 

S(I)*G2(6)*  H(I)’:'C'h(8),  M(I)^Gj(0)»  in  which  Gj{0)  And  G?(8)  are  defined  below. 
Dine  loads  arc  posit. vc  as  shown  in  Figure  21.  Table  1.3,  Section  1,  S, 

Line  loads  are  assumed  by  the  program  to  act  at  centroids  of  discrete  rings. 
With  N  =  0  or  N  =  il  circumferential  waves  the  user  must  make  sure  either 
that  the  loads  applied  arc  in  static  equilibrium  or  that  the  constraint  condi¬ 
tions  prevent  rigid  body  deformations.  User  need  not  provide  input  for  line 
loads  corresponding  to  reactions  which  do  no  work  during  deformation. 

"fixed"  means  a  problem  parameter  that  does  not  change  during  execution  of 
a  case,  "variable"  means  an  eigenvalue  parameter.  If  INDIC  *  4  all  loads  are 
considered  eigenvalue  parameter s.  See  Table  l.  2,  Section  1.  S. 


PLIN1(L,  ISEG)  . 
PLINC(L,  ISEG). 


circumferential  harmonic  amplitude  factors  .or  axial,  Tadi.il  line  loads  and  line  moments.  (See  Sec.  1.  S, 
circumferential  harmonic  amplitude  factors  for  shear  lino  loacT  ~  Table  I.  2,  pg4-7) 


I MPQRTANT  NOTES : 


Line  load  = 


1.  Maximum  number  of  circumferential  harmonics  is  20. 

2.  Circumferential  wave  numbers  associated  with  flieae  amplitudes  are  NSTART 
to  NFIN  in  steps  oi  INCR.  See  Section  l.  b. 

3.  The  various  line  loads  at  the  Ith  discrete  ring  and  at  a  circumferential  station 
0  have  the  forms  given  by; 


V(I) 

S(I) 

H(I) 

M(I) 


N  =  NFIN 

L  =  no.  of  harmonics 

PLINl (L,  ISEG) ^sinfNB)  * 
PLrN2(L,  ISEG)’:'cos(N0)  4 
7j  PLIN1(L,  ISEG)*sin(Nf‘)  + 
PLIN1(L,  ISEG)’::sin(N  )  \ 

N  =  NSTART  _ _ - 

AN  =  INCR  ^  ...  M 

k  _  j  positive  N 


PLINl (L,  IS  EG)*  cos  (N  91 
PLIN2(L,  ISEG)* s in (N 0) 
PLINl (L,  ISEGl*cos(NB) 
PLIN1(L,  ISEG)*cos(N6) 


negative  N 


(Bl) 


NX  ....  number  of  circumferential join**  f°r  data  input  in  range  0  *»  XPLUS(J)  s  TUETAM,  where  XPLUS(J)  is  the  Jtu 
circumferential  point  ancl  THETAM  is  the  bound  on  the  range  of  0.  .T  goes  from  1  to  NX.  (NX  must  be  less 
than  100,  greater  than  2). 

NOPT  .  .  .  1  =  YPLUS(J)  and  YMINUS(J)  are  going  to  be  read  in;  2  =  YPLUSfJ)  only  is  going  to  be  read  In;  3  -  YPLUS(J) 

and  YN^INUS(J)  are  calculated  from  user-written  subroutine  GEtV XMINUS,  XPLUS,  YMINlJS,  YFLUS),(pg  h-9) 
NODD  .  ,  .  1_  =  function  g(9)  Is  even  in  range  -THETAM  <  8  ^  +  THETAM;  2  =  function  g(0)  is  odd;  3  -  function  g ( 8) 
neither  even  nor*  odd  in  range  of  0.  " 

Note;  Theta-range  corresponds  to  range  XMINUS(NX)  to  XPLUS(NX)  or  -THETAM:  s.  0  s;  +  THETAM.  This 
range  need  not  be  from  «pi  to  +  pi,  but  the  interval  it  covers  must  be  an  integer  fraction  of  the  interval  -pi  to 
+  pl. 


XPLUS(J)  .  values  of  circumferential  coordinate  in  degrees.  Need  not  b-*  evenly  spaced  and  need  not  cover  the  entire  0- 

range  0  to"pi,  Range  must  be  an  inreger  fraction  of  pi  and  XPLUS(NX)  must  equal  THETAM.  Also,  XMINUS(J) 
are  generated  internally  and  are  equal  to  the  negatives  of  XFLUS(J),  respectively .  XPLUS(l)  =  0, 


Y  PLUS(.T)  . 
YMINUS(.I) 

values  of  g  0) 
values  ol  g  -  1 

corresponding  to  circumferential  coordinates  XPLUS(J), 

5^  corresponding  to  circumferential  coordinates  XMINUS(J).  Note  again  that  XMINUS(J) 

-xplUS(J). 

The  Fourier  coefficients  PLIN1(  LIS  EG)  ..nd  Pl.IN2(L,  ISEG)  in  Eq,  (Bl)  are  calculated 
by  B<#5<#R4  with  use  of  the  input  data  NX,  NCAPT,  ....  YMINUS(J). 
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Note: 


THERMAL  LINE  LOADS  ON  SHELL  SEGMENT,  ISEO 


If  LINTYP  =  0  or  LINTYP  =  1  or  NRINGS  =  0,  no  thermal  line  loads . 
Go  to  500. 


If  (INDIC  =  3  or  INDIC  =  4)  •  Read  NTYPEL 

Read  NLOAb(l),  NL0AD(2),  NL0AD(3) 

If  (NLOAD(l)  =  l)  •  Head  (  TNB(l),  1=1,  NRINGS) 

If  (NL0AD(2)  =  l)  •  Read  (  TMX(l),  1=1,  NRINGS) 

If  (NL0AD(3)  =  1)  •  Read  (TMRY{l),  1=1,  NRINGS) 

If  (INDIC  =  3  or  INDIC  =  4)  go  to  305 

Read  NLOAD(l),  NL0AD(2),  NLOAD(3) 

If  (NLOAD(l)  =  1)  •Read  (  DTNR(l),  1  =  1,  NRINGS) 

If  (NL0AD(2)  =  l)  •  Read  (  DTMX(l),  1=1,  NRINGS ) 

If  (NL0AD(3)  =  1)  •  Read  (DTMRY(I),  1=1,  NRINGS) 

Axisymmetric  thermal  line  loads  have  now  been  read  in  for  segment  ISEG  . 
Go  to  500. 


If  (NTYEEL  =  4)  go  to  320 

Read  (TLIN(L,  ISEG),  L  =  1,  number  of  harmonics) 

Nonsymnetric  thermal  line  loads  have  new  been  read  in  for  segment  ISEG 
Go  to  500. 


Continue 

If  (NLOAD(l)  =  0  and  NL0AD(2)  =  0  and  NL0AD(3)  = 

•  Read  NX,  NOPT,  NODD 

•  Read  (  XPLUS(j),  J  =  1,  NX  ) 

If  NOPT  =  1  •  Read  (  YPLUS(J'),  J  =  1,  NX  ) 

•  Read  (YMINUS(J),  J  =  1,  NX  ) 

If  NOPT  =  2  •  Read  (  YPLUS(j),  J  =  1,  NX  ) 

If  NOPT  =  3  •  Call  GETY(NX,  XMINUS,  XPLUS, 

Continue 


All  data  for  thermal  line  loads  in  current  segment  ISEG  have  now  been 
read  in.  Go  to  500. 


0)  go  to  350 

nmuMl- 

KfUN(«l 


VMMKI 


YMINUS,  YPLUS) 


THERMAL,  LINE  LOADS  ON  SHELL  SEGMENT,  ISEG 


LINT Y  I*.  .  , 


NlitNGS  ,  .  , 
NTYPEL  ,  , 


NLOAD(I).  . 
NLOAP(2),  . 

NLOAD(3).  . 

TNR(I)  .  .  . 
TMX(l)  .  .  , 
TMRY(I)  .  , 

DTNR(I)  ,  . 

DTMX(l)  .  . 
DTMRY(I|,  . 


°  s  no  line  load,  of  any  type,  either  thermal  or  mechanical,  for  tht«  ahell  segment 
l  c  mechanical  line  loada  only, 

T  =  thermal  line  loads  only. 

T  “  mechanical  and  thermal  line  loadt. 

number  of  diacrete  ring*  In  this  ifgment,  including  "fictttloua"  ring*  required  for  those  Btationg  where 
thermal  line  loads  are  applied  but  no  actual  rings  exist. 

3  =  Fourier  amplitudes  for  circumferential  distribution  of  thermal  line  loads  read  in,  including  axiHymme- 
tr io  harmonic.  TTu  #«•  harmonic  load  amplitudes  correspond  to  the  circumferential  wave  numbers  N-START 
to  NFIN  in  increments  of  INCH,  where  NSTART  =  starting  harmonic,  NFIN  =  ending  harmonic,  and  INCH  = 
increment  or  decrement  in  the  circumferential  wave  number  between  harmonics, 

*  s  ttlermnl  ^ne  load  amplitudes  at  various  circumferential  stations  either  read  In  directly  or  computed 
by  ueer-written  subroutine,  then  developed  into  Fourier  *cr  icaTniernaUy  for  circumferential  waves 
NSTART  to  NFIN  <n  steps  of  INCR, 

IMPORTANT  NOTE:  In  each  shell  segment  the  thermal  line  loads  must  be  expressible  as  a  product 

in  which  I  represents  the  Ith  discrete  ring.  The  series  can  differ  from 
segment  to  segment,  but  must  involve  the  same  circumferential  wave  numbers, 
NSTART  to  NFIN  in  steps  of  INCR,  for  all  segments,  The  Fourier  series  for 
thermal  line  loads  TNR,  TMX,  and  TMRY  must  be  identical  in  a  given  segment.  (See 

1  =  thermal  hoop  loads  TNR  (I)  present  in  this  segment;  0  =  no  thermal  hoop  loads  present  in  this  egment. 

I  thermal  momenta  about  x-axis  TMX(I)  present  in  this  segment;  0  =  no  tnermal  montents  TMXill  in  this 

segment.  ""  — — —  -  ■■■  ■ 

{  =  thermal  moments  about  y-axia  TMRY(I)  present  in  this  segment;  0  *  no  thermal  moments  TMRY(I) 
in  this  segment,  "  “ — " — - - - 

"fixed"  or  initial  thermal  line  hoop  loRd  in  Ith  ring,  given  by;  Njf  -  ^  { J Fr  orTdA)*i‘TFMP 

"fixed"  or  initial  thermal  moment  about  x-axia  (Eig.  2i),  Ith  ring:  mJ  =  -  (J‘  Er  crrTy<i.A)uTf.'MP 

"fixed"  or  initial  thermal  moment  about  y-axia  (Fig.  21),  Ith  ring:  M.J  -  -  ( J*  Er  orTxdA)<  TEMP 

NOTE:  TEMP  ia  a  multiplier  provided  as  input  on  one  of  the  earlier  cards  (aec  page  D-3). 

"variable"  thermal  line  hoop  load  or  increment.  Given  by  same  expression  aa  TNR,  except  multiDlie, 
ta  DTEMP.  *  " 

"variable"  thermal  moment  about  x-axis.  Given  by  aame  expression  aa  TMX,  except  multiplier  is  PTEMP. 
"variable"  thermal  moment  about  y-axia,  Given  by  aame  expression  aa  TMRY,  except  multiplier  ia  13TEMP. 

IMP  OR  TANT  NOTES:  1.  If  INDIC  ‘  3  or  INDIC  =  4,  actual  thermal  line  loads  arc  given  by 

TNR(I)*Gj(6),  TMX(l)*G,(8),  and  TMRY(I)*Gi(8),  in  which  G, (6)  is  given 
below.  ‘ 

2.  "fixed"  meana  a  problem  parameter  that  does  not  change  during  execution 
of  a  case,  "variable"  means  an  eigenvalue  parameter.  If  INDIC  -  4  all 
loads  are  considered  eigenvalue  parameters.  Sec  Table  1.  2,  Section  1.  5. 


(If  INDIC  = 
3  or  4, 
TKMH  =  I) 


TLIN(L,  ISEG).  .  circumferential  harmonic  amplitude  factors  for  TNR(I),  TMX(I),  TMRY (I).  (Sec.  1.5,  Table  1.  2,  pg  4-?) 


IMPORTANT  NOTES: 


1.  Maximum  number  of  circumferential  harmonica  ia  20. 

2.  Circumferential  wave  numbers  associated  with  these  amplitudes  are 
NSTART  to  NFIN  in  steps  of  INCR,  See  Section  I.  5. 

3.  The  various  thermal  line  loads  at  the  Ith  discrete  ring  and  at  a  circum¬ 
ferential  station  6  have  the  forms  given  by: 

N  =  NF  IN 
L  -  no.  harmonics 


Thermal  line  load  = 


(  TNR  (I)  ) 

<  TMX  (I)  J 
(  TMRY(Il) 


T  uIN(  L,  IS  EG)*' sin  (N  6)  3  TLIN(L,  ISEG)<‘i  o*(N8) 

TLIN(L,  lSEG)t‘sin(N6)  +  TLINf  L,  ISEG)<'cos(N  9)  (112) 

TLIN(L.,  I5FGH‘sin(N9)  i  TLIN(L,  ISEG)*cos(N8) 

N  =  NSTART 
AN  =  INCR 
L  =  l 


positive  N 


negative  N 


NX 

NOPT 

NODD 


number  of  circumferential  points  for  data  input  in  range  0  c  XPLUS(J)  s  THETAM,  where  XPLUS(J)  is 
the  ith  circumferential  point  and  THETAM  is  the  bound  on  the  range  of  6.  J  goes  from  1  to  NX.  (NX 
must  be  less  than  100,  greater  than  2). 

1  -  YPLUS(J)  and  YMINUS(J)  are  going  to  be  read  in;  2  -  YPLUS(J)  only  is  going  to  be  read  in;  3  =  YPl.US(.I) 
and  YMlhluS(J)  are  calculated  from  user-written  subroutine  G  ETY (NX,  XMINUS,  XPLUS,  YMINUSTV  iH.iisl.fn'g 
1_=  function  g(9)  is  even  in  range  -  THETAM  s  6  s  +  THETAM;  2  =  function  g(8)  is  odd;  3  =  function  g(8)  6-9) 
neither  even  nor  odtl  i~rangc  of  9,  ”  ”  “  * 

Note:  Theta-range  corresponds  to  range  XMINUS(NX)  to  XPLUS(NX)  or  -THETAM  *  6  ♦  THETAM.  This 

range  need  not  be  from  -pi  to  +  pi,  but  the  interval  it  covers  must  be  an  integer  fraction  of  the  interval 
-  pi  to  +  pi. 


XPLUS(.I).  . 

YPLOS(J).  . 
YMINUS(J)  . 


values  of  circumferential  coordinate  in  degrees.  Need  not  be  evenly  spaced  and  neeo  not  cover  the  entire 
9-range  0  to  pi.  Range  must  be  an  integer  fraction  of  pi  and  XPLUS(NX)  must  equal  THETAM.  Also, 
XMINUS(J)  arc  generated  internally  and  are  equal  to  the  negatives  of  XPLUS(J),  respectively.  XPl.US(l)  =  0. 
values  of  gf6)  corresponding  to  circumferential  roorritnatca  XPlAISf.il. 

vMuc»  ot^(- 6)  corresponding  to  circumferential  coordinates  XMINUS(.I).  Note  again  that  XMINUS(J)  = 

~“P  LUS  (J , . 


The  Fourier  roeffirients  TUNfL,  ISEG)  in  Eq.  (132)  are  calculated  by  I30SCSR4  with  use 
of  the  input  data  NX,  NiJPT . YMiNUS(J). 
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PRESSURE  AND  SURFACE  TRACTIONS  ON  SHELL  SEGMENT,  ISEG 


500  •  Read  NLTYFE,  NPSTAT ,  NTSTAT,  NTGUAD 

If  NLTYPE  =  0  or  NLTYFE  =  2,  no  pressure  or  surface  traction.  Go  to  900. 

If  NPSTAT  =  0  •  Read  Pll,  P12,  P13,  P.14,  F15 
If  NPSTAT  =  0  •  Read  F21,  P22,  P23,  P24,  P25 
If  NPSTAT  =  0  ,  Go  to  900 

If  (INDIC  =  3  or  INDIC  =  4)  #  Read  NTYPEL 

•  Read  NLOAD(l),  NL0AD(2),  NL0AD(3) 

If  (NLOAD(l)  =  1)  •  Read  (PT(l),  1=1,  NPSTAT) 

If  (NL0AD(2)  =  1)  •  Read  (PC(l),  1=1,  NPSTAT) 

If  (NLOAD ( 3 )  =  1)  •  Read  (PN(l),  1=1,  NPSTAT) 

If  (  INDIC  ^  3  and  INDIC  /-  4)  go  to  700 

If  (NTYPEL  =  4)  go  to  520 

•  Read  (PDISTl(L,  ISEG),  L  =  1,  number  of  harmonics) 

•  Read  (PDIST2(L,  ISEG),  L  =  1,  number  of  harmonics) 

Go  to  700 


520  Continue 

If  (NLOAD (l)  =  0  and  NL0AD(3)  =  0)  go  to  530 


•  Read  NX,  NOPT,  NODD 

•  Read  (  XPLUS(j),  J  =  1,  NX  ) 

•  If  NOPT  =  1  •  Read  (  YPLUS (J),  J  =  1,  NX  ) 

•  Read  (YMINUS (j),  J  =  1,  NX  ) 

If  NOPT  =  2  •  Read  (  YPLUS(j),  J  1,  NX  ) 

If  NOPT  =  3  •Call  GETY(NX,  XMINUS,  XPLUS,  YMINUS,  YPLUS  ) 

530  Continue 

If  (NLOAD (2)  =0)  go  to  TOO 

•  Read  NX,  NOPT,  NODD 

•  Read  (  XPLUS (j),  J  -  1,  NX  ) 

If  NOFT  =  1  •  Read  (  YPLUS(j),  J  =  1,  NX  ) 

•  Read  (YMINUS(j),  J  =  1,  NX  ) 

If  NOFT  -  2  •  Read  (  YPLUS(j),  J  =  1,  NX  ) 

If  NOPT  =  3  •  Call  GETY(NX,  XMINUS,  XPLUS,  YMINUS,  YPLUS) 


TOO  •  Call  STA (NPSTAT)  (See  Page  B26  for  input  data  read  in  from  STA) 


All  data  for  pressure  and  surface  tractions  on  current  segment  ISEG  have 
now  been  read  in.  Go  to  900. 
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PRESSURE  AND  SURFACE  TRACTIONS  OF  SHELL.  SEGMENT,  ISEG 


NLTYPE  , 


NPSTAT  . 

NTS  TAT  . 
NTGRAD  . 


0  ■  no  distributed  thermal  or  pressure  or  surface  traction  loads  In  this  segment. 

I  -  pressure  and  surface  tractions  only.  No  temperature  rise  distribution  in  this  segment. 
i  ~  temperature  riie  distribution  only.  No  pressure  or  surface  traction  on  this  segment. 
pressure  and  surfacT traction  as  well  as  temperature  rise  distribution  in  this  segment. 


number  of  mesh  points  for  which  pressure  and  surface  traction  components  will  be  read  in.  If  INDIC  *  3  or  4 
and  NLTYPE  =  l  or  3,  NPSTAT  must  be  larger  thsn  l  and  less  than  50.  NPSTAT  *  0  option  for  use  if 
INDIC  *  (3  or  4.) 

number  of  mesh  points  for  which  temperature  rise  coefficients  Tl,  T2,  and  T3  will  be  read  in.  Same  discus¬ 
sion  applies  here  as  applies  to  NPSTAT. 

(r  is  measured 
from  the  reference 
surface  positive 
to  the  right  of 
increasing  s). 

NTGRAD  =  3  . .  T  =  Tl  4  T2*exp(a*T3) 


type  of  thermal  gradient  through  shell  wall  thickness:  NTGRAD  -  l. 

NTORAD  =  2  . .  T  =  Tl  4  T2** 


T  =  Tl  4  T2*a  4  T3*a 
T3 


Pll,  P12,  P13,  P14,  P15  ,  •  ,  coefficients  for  f(s)  x  Pll  4  Pl2*s^^  +  Pl4*s^*^t  in  which  s  is  the  arc  length  from  beginning  of 
segment,  This  function  represents  the  normal  pressure  distribution.  Actual  pressure  =  P*f(s)  or  DP*f(s). 
positive  to  right  of  increasing  arc  length,  s  .  '  * 

P21,  P3?,  P23,  P24,  P25. .  coefficients  for  t(n)  of  same  form  ae  above,  but  f(s)  In  this  case  refers  to  the  meridional 
traction. 


NTYPEL  .  3  =  Fourier  amplitudes  for  circumferential  distribution  of  pressure  and  surface  tractions  .  ead  in,  including 

axisymmetrTc  harmonic.  These  harmonic  pressure  and  surface  traction  amplitudes  correspond  to  the  cir¬ 
cumferential  wave  numbers  NSTART  to  NFIN  in  increments  of  INCR,  where  NSTART  *  starting  harmonic, 
NFIN  *  ending  harmonic,  and  [NCR  =  increment  or  decrement  in  the  circumferential  wave  number  between 
harmonica. 

4  =  pressure  and  surface  traction  amplitudes  at  various  circumferential  stations  either  read  in  directly  or 
computed  V>y  user-written  subroutine,  then  developed  into  Fourier  scries  internally  for  circumferential 
waves  NSTART  to  NFIN  in  steps  of  [NCR. 

IMPORTANT  NOTE;  In  each  shell  segment  the  pressure  and  surface  tractions  must  be  expressible  as  a 

product  f(s)*g(9),  in  which  s  is  the  meridional  station.  The  series  can  differ  from  seg¬ 
ment  to  segment,  but  must  involve  the  same  circumferential  wave  numbers,  NSTART  to 
NFIN  in  steps  of  INCR,  for  all  segments.  The  Fourier  series  for  pressure  components 
PT  and  PN  must  be  identical  in  a  given  segment.  The  Fourier  series  for  PC  may  be 
different  (ace  definitions  for  PDIST1,  PDIST2),  See  Section  l.  5. 


NLOAD(lJ  . 
NLOAD(2). 
NLOAD13). 


1  =  meridional  surface  traction  PT(I)  present  in  this  segment;  0  -  no  meridional  a  irface  traction  In  this  segment. 
1  a  circumferential  surface  traction  PC(I)  present  in  this  segment;  0  -  no  circumferential  surface  traction. 

1  =  normal  pressure  PN(I)  present  In  this  segment;  0  =  no  normal  pressure  present  in  this  segment. 


PT(I) 

PC(I) 

PN(I) 


meridional  surface  traction  at  Ith  callout  point.  Positive  in  direction  of  increasing  arc  length,  s  ,  (See  Sec.  1.  5 
cl r cu mf e're'nt i a  1  surface  traction  at  [th  callout  point.  Positive  in  direction  of  increasing  circ.  angle,  0  ,  Tables 
normal  pressure,  positive  outward,  at  Ith  callout  point.  Positive  to  right  of  increasing  *  .  1.2,  I.  3) 


IMPORTANT  NOTES:  1. 


If  INDIC  -  3  or  INDIC  =  4,  actual  pressure  and  surface  tractions  are  given  by 
PT(I}*Gi(e),  PC(I)*G2(e),  and  PNtt^G^O),  in  which  G^O)  and  G2(6)  are 

defined  below, 

With  N  =  0  or  N  circumferential  waves  the  user  must  make  sure  either  that 
the  applied  loads  are  in  static  equilibrium  or  that  the  constraint  conditions  pre¬ 
vent  i  igid  body  deformations. 

If  INDIC  /  3  anu  INDIC  actual  components-P^PT,  P*PC,  and  P*PN;  also 
DP*PT,  DP#PN, 


Pl5lSTl(L,  ISEG)  .  •  circumferential  harmonic  amplitude  factors  for  meridional  traction  and  normal  pressure.  (Section  l.  5, 
PDIST2(L,  ISEG)  .  .  circumferential  harmonic  amplitude  factors  for  circumferential  traction.  Table  1.  2,  pg  4-7) 


IMPORTANT  NOTES:  l. 

2. 

3. 


Maximum  number  of  circumferential  harmonics  is  20. 

Circumferential  waves  associated  with  these  amplitudes  are  NSTART  to 
NFIN  In  steps  of  INCR,  See  Section  1.  5, 

The  surface  tractions  and  pressure  at  the  Ith  callout  point  and  at  a  circum¬ 
ferential  station  9  have  the  forms  given  by; 


N  =  NFIN 
L,  =no.  harmonics 

fPT(I)  )  PDISTKL,  lSEG)*8in(N9M  PDIST1(L,  ISEG)*cos(NG) 

PC{I)  >  *  >  PDIST2(L,  ISEG)*cos(N  0)4  FDIST2(L,  I5EG)*sln(N  0) 

PN(I)J  PDIST1(L,  ISEG)* sin(N9)  +  PDIST1(L»,  ISEG)*cos(N  0) 

N  =  NSTART  ■  ~  —  — 1  "  -- 

AN  =  INCR  pObitive  N  negative  N 

L  -  1 


NX 

NOPT. 

NODD 


number  of  circumferential  points  for  data  input  in  range  0  £  XPLUS(J)  £  THETAM,  where  XPLU5(J)  is  the  Jth 
circumferential  p"oint  and  THETAM  is  the  bound  on  the  range  of  9.  J  goes  from  1  to  NX,  (NX  must  be  less  than 
100,  greater  than  2). 

1  =  YPLUS(J)  and  YMINUS(J)  are  going  to  be  read  in;  2  =  YPLUSfJ)  only  is  going  to  be  read  in;  3  -  YPLUS(J)  and 
Y MINUS jj)  are  ca  culated  from  user -written  subroutine  GETV (NX,  XMINUS,  XPLUS,  YMINUS,  ^ 

1_=  function  | 
even  nor  odd 


is  even  in  range  -THETAM  <  0  £  4  THETAM;  2  =  function  g(9)  is  odd;  3^  -  function  j 
in  range  of  9, 


'iofc:  Theta  range  corresponds  to  range  x  MINUS  (MX)  to  x  PLUS  (NX)  or  -THETAM  i  2  i  (  T! !  FT  AM. 


range  need  not  be  from  -pi  to  4pi,  but  the  interval  it  covers  must  be  an  integer  fraction  of  the  interval  -pi  to 
+  pi. 


XPLUS(J)  values  of  circumferential  coordinate  in  degrees.  Need  not  be  evenly  spaced  and  need  not  cover  the  entire  9- 

raiige  0  to  pi.  Range  must  be  an  .integer  fraction  of  pi  and  XPLUS(NX)  must  equal  THETAM.  Also,  XMINUS(J) 
are  generated  internally  and  are  equal  to  the  negatives  of  XPLUS(J),  respectively.  XPLUS(l)  “  0, 

YPLUSfJ)  values  of  g(8)  corresponding  to  circumferential  coordinates  XPLUS(J). 

YMINUS(J)  values  of  g(-9)  corresponding  to  circumferential  coordinates  XMINUS(J),  Note  again  that  XMINUS(J)  = 

-xpLUS(JT  - 

Note;  The  Fourier  coefficients  PDIST1(L,  ISEG),  PDLST2(L,  ISEG)  in  Eq.  (B-3)  are  calculated  by  B<£S<jR4 
with  use  of  the  input  data  NX,  NOPT,  ....  YMINUS(J). 
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TEMPERATURE  DISTRIBUTION  IN  SHELL  SEGMENT,  ISEG 


900  If  NLTYPE  =  0  or  NLTYPE  =  1,  no  thermal  distributed  loads.  Go  to  3000. 

If  NTSTAT  =  0  •  Read  Til,  T12,  T13,  Tl4,  T15 

If  NTSTAT  =  0  •  Read  T21,  T22,  T23,  T24,  T25 

If  NTSTAT  =  0  •  Read  T31,  T32,  T33,  T34,  T35 

If  NTSTAT  =  0  ,  go  to  3000 

If  (INDIC  =  3  or  INDIG  =  4)  •  Read  NTYFEL 

•  Read  NLQAD(l),  NL0AD(2),  NL0AD(3) 

If  (NLOAD(l)  =  1)  •Read  (Tl(l),  1=1,  NTSTAT) 

If  (NL0AD(2)  =  1)  •  Read  (T2(l),  1=1,  NTSTAT) 

If  (NL0AD(3)  =  1)  •  Read  (T3(l),  I  -  1,  NTSTAT) 

If  (INDIC  /  3  and  INDIC  /  4)  go  to  970 

If  (NTYPEL  =  4)  go  to  920 

•  Read  (TDIST(L,  ISEG),  L  =  1,  number  of  harmonics) 

Go  to  970 

920  If  (NL0AD( (l)  =  0  and  NL0AD(2)  -  0  and  NL0AD(3)  =  0)  go  to 

•  Read  NX,  NOFT,  NODD 

•  Read  (  XPLUS(j),  J  =  1,  NX  ) 

If  NOFT  =  1  •  Read  (  YPLUS(j),  J  =  1,  NX  ) 

•  Read  (YMINUS(j),  J  =  1,  NX  ) 

If  NOFT  =  2  •  Read  (  YPLUS(j),  J  =  1,  NX  ) 

If  NOFT  =  3  •  Call  GET Y (NX,  XMINUS,  XPLUS,  YMINUS,  YPLUS  ) 

970  •Call  STA(NTSTAT)  (See  Page  B26  for  input  data  read  in  from  STA.) 


All  data  for  temperature  distribution  on  current  segment  ISEG  have  now  been 
read  in.  Go  to  3000. 


Data  for  all  loads  (line  and  distributed,  mechanical  and  thermal)  have  now 
been  read  in  for  current  segment,  ISEG. 


B-l4 


NLTYPE 


NTSTA1 


TEMPERATURE  DISTRIBUTION  IN  8HELL  SEGMENT,  IS  TO 

0  -  no  distributed  thermal  or  preiiurt  or  mtfice  traction  loads  In  this  segment. 

I  =  no  temperature  rise  distribution  in  this  Segment. 

number  oi  mesh  joints  for  which  temperature  rise  distribution  through  thickness  is  given, 


NLTYPE  =  2  or 
or  4, 


If  INDIC  =  3  or  4  and 

nTSTAT  must  he  larger  than  l  and  lass  than  50,  NTSTAT  =  0  opt  Ton  lor  use  only  If  INDIC  ^  3 


Til,  T12,  TU,  T14,  T15  »  ,  coefficient!  for  Tl(s)  =  TU  +  Tl2*s  +  Tl4*a  ,  with  a  measured  from  beginning  oC  aegment. 

Tl(a)  appears  in  the  Tormulms  given  in  the  definition  of  NTGRAD  on  the  previous  page.  These  formulae  (func¬ 
tions  of  thickness  coordinate  a)  give  the  temperature  rise  distribution  through  the  shell  wall  at  a  given  station  a. 
T2I,  T 22,  T23,  T24,  T25  .  coefficient!  for  T2(s;t  which  has  tha  same  functional  form  as  TL(s).  See  definition  of  NTGRAD 
for  role  of  T2, 

T31,  T32,  T33,  T34,  T35  ,  coefficients  for  T3(s),  which  has  the  sama  functional  form  as  Tl(s)  and  T2(a).  See  definition  of 
NTGRAD. 

Note:  The  actual  temperature  distribution  is  given  by  TEMP*T  or  DTEMP*T»  where  T  depends  on  NTGRAD, 
as  given  on  previous  page. 

NTYPEL  «  3  =  Fourier  amplitudes  for  circumferential  distribution  of  temperature  rise  coefficients  Tl,  T2,  and  T3  to  be 

read  in,  including  axlTymmetric  harmonic.  These  harmonic  coefficient  amplitudes  correspono  to  the  circum¬ 
ferential  wave  numbers  NSTART  to  NFIN  In  increments  of  INCR,  where  NSTART  starting  harmonic,  NFIN  - 
ending  harmonic,  and  INCR  =  increment  or  decrement  in  circumferential  wave  number  between  harmonics. 

4  =  temperature  rise  coefficients  Tl,  T2,  T3  read  in  for  various  circumferential  stations  or  computed  by  user- 
wrltFen  subroutine,  then  developed  Into  Fourier  series  internally  for  circumferential  waves  NSTART  to  NFIN 
In  steps  of  INCR, 

IMPORTANT  NOTE:  In  each  shell  aegment  the  temperature  rise  coefficients  must  be  expressible  as  a  product 

In  which  s  is  the  meridional  station.  The  series  can  differ  from  segment  to 
segment,  but  must  Involve  the  same  circumferential  wave  n.imbers,  NSTART  to  NFIN 
in  steps  of  INCR,  for  all  segments.  The  Fourier  series  for  all  coefficients  Tl,  T2,  and 
T3  must  be  identical  in  a  given  segment.  See  Section  l.  5. 

l  =  temperature  rise  coefficient,  Tl,  present  in  segment:  0  =  Tl  not  present  in  this  aegment. 

1  =  temperature  rise  coefficient,  T2,  present  in  segment;  0  =  T2  not  present  In  this  aegment. 

I  =  temperature  rise  coefficient,  T3,  present  in  segment;  0  -  T3  not  present  In  this  aegment. 

temperature  rise  coefficient  at  Ith  mesh  point  callout;  see  formula*  for  T  under  dcf.  of  NTGRAD,  previous  page, 

temperature  rise  coefficient  at  Ith  meah  point  callout:  see  formulas  for  T  under  def.  of  NTGRAD,  previous  page, 

temperature  rise  coefficient  at  Ith  mesh  point  callout;  see  formulas  for  T  under  def*  of  NTGRAD#  previous  page. 

IMPORTANT  NOTES:  1,  If  INDIC  =  3  or  INDIC  =  4,  actual  temperature  rise  coefficients  are  given  by 

Ti(I)*Gi(e),  T2(I)*G.(e),  and  TaftytG^B),  in  which  G^e)  is  defined  below. 

2.  If  TNDIC  i  3  and  INDIC  i  •»,  actual  temperature  rise  is  given  by  TEMP*T  or 

DTEMP+T,  where  T  is  a  fimction  of  Tl,  T2,  T3,  and  *,  as  shown  on  previous 
page  (see  NTGRAD). 


NLOAD(l) 

NLOAD(Z) 

NLOAD(3) 

Tl  (I)  .  .  , 
T 2ft)  .  ,  , 
T3(I)  .  .  . 


TDIST(L,  BEG)  .  .  circumferential  harmonic  amplitude  factors  for  temperature  rise  coefficients  Tl, 

IMPORTANT  NOTES:  l. 

2. 


T2  and  T3.(Sec.  1.  5. 

pg  4-7) 

Maximum  number  of  circumferential  harmonics  is  20. 

Ctrc urn reTent^aT  waves  associated  with  these  amplitudes  are  NSTART  to  NFIN 
in  steps  of  INCR.  See  Section  1.  5. 

The  temperature  rise  coefficients  Tl,  T2,  T3  at  the  Ith  mesh  point  callout  and 
at  some  circumferential  station  0  have  the  form: 


Temperature  rise 


N  =  NFIN 
L  =  no*  of  har* ' 
(Tl(I)l  — 

Jtz(i)  *  y 

t  T3(I)  >  t-4 

N  =  NSTA 
£N  =  U’CR 
L  =  1 


XJ)**ln(N0) 

G)**tn(N0) 

G)*»in{N0) 

littve  N 


TDIST(L,  EEG)*co.(N0) 
TDIST(L.  EEG)*co»(N8) 
TDIST(L,  BEG)*co»(N0) 


<B4) 


negative  N 


NX 


NOPT 


NODD 


XPUJS(J) 


YPLUS(J) 

YMINUS(J) 


itiAi  point,  for  data  Input  In  r*...  s  XPLUS(J)  <  THFTAM,  where  XPLUS(J)  i.  the  Jth 
iK3  THETAM  la  the  bound  on  the  r»ngc  of  1.  J  goee  from  l  to  NX.  (NX  mult  be  less 


number  of  circumferentia 
circumferential  point  unu1 
than  100,  greater  than  2), 

1  =  YPLUS(J)  and  YMINUS(J)  »re  going  to  hr  read  In;  2  =  YPLUS(J)  only  la  going  to  be  read  In;  3  =  YPLUS(J) 
and  YKllNUS(J)  are  calculated  from  u.er-wrttten  .ubroutlne  GETY  (NX,  XMINUS,  XPGUS,  YMINl)S,  YPLUS)lpg6-9) 
1  =  function  g<  6)  i»  even  In  range  -THETAM  sHl  THETAM;  2  =  function  gjO)  la  odd;  3  =  function  g(0)  neither 
even  nor  odd  In  range  of  0, 

Note:  Theta-range  correspond.  to  range  XMINUS(NX)  to  XPLUS(NX)  or  -THETAM  £  0  <  + THETAM,  Thl. 
range  need  not  be  from  -pi  to  fpi,  but  the  Interval  It  cover*  mail  be  an  Integer  fraction  of  the  interval  -pi  to 

+  PU  > 

values  of  circumferential  coordinate  in  degrees.  Need  not  be  evenly  spaced  and  need  not  cover  the  entire  0- 
range  U  to  pi.  Range  must  be  an  integer  iraction  of  pi  and  XPLUS(NX)  must  equal  THETAM.  Also,  XMINUS(J) 
?re  generated  internally  and  ate  equal  to  the  negatives  of  XPLUS(J).  respectively.  XPLUS(l)  =  0, 
values  of  g(8)  corresponding  to' circumferential  coordinates  XPLUS(J). 

values  of  gi-9)  corresponding  to  circumferential  coordinates  XMINUS(J)*  Note  again  that  XMINUS(J)  = 

mTOTir* 


Tiie  FoUiUi  cue flivieuis  7DBT(L,  ISEG)  in  tq.  (64)  are  calculated  by  J3'jteO>R4  with 
uxc  of  the  input  data  NX,  N<*PT . YMINUS(J). 
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FRESTRESS  INPUT  DATA  FOR  OFTION  INDIC  =  h,  IPRE  =  0 
FOR  SHELL  SEGMENT,  ISEG 


OOO  Continue 


If  JNDIC  /  1+ 
If  IPRE  f  0 


,  go  to  3000 

,  go  to  3000 


•  Read  NSTRES,  NRLOAD 


If  NSTRES  ^  0 


Call  STA (NSTRES)  (See  Page  B-26  for  input  data  read  in  from  STA  ) 


If  NSTRES  {  0  •  Read 

•  Read 

•  Read 


(  N10(l),  1=1,  NSTRES  ) 
(  N20(I),  1=1,  NSTRES  ) 
(CHIO(l) ,  1=1,  NSTRES  ) 


If  NRLOAD  /  0  • 


Read  (iRING(l),  I  =  1,  NRLOAD  ) 
Read  (RLOAD(l),  1=1,  NRLOAD  ) 


All  data  for  shell  and  ring  prestress  have  now  been  read  in  for  shell 
segment,  ISEG 
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PRESTRESS  INPUT  DATA  FOR  OPTION  INDIC  -  4,  IPRE  =  0 
FOR  SHELL  SEGMENT,  ISEG 


INDIC  . .  .  analysis  type:  INDIC  =  4  means  buckling  with  nonsymmetric  prestress. 

IPRE  •  .  •  used  only  with  INDIC  =  4;  0  =  prestress  meridional  distribution  read  in. 

1  =  prestress  meridional  distribution  calculated. 

NSTRES  .  number  of  stations  along  the  meridian  in  segment  ISEG  for  which  prestress 
resultants  N10  and  N20  and  meridional  rotation  CHIO  will  be  read  in  (less 
than  50). 

NRLOAD  .  number  of  discrete  rings  in  entire  shell  for  which  prebuckling  hoop  loads 
will  be  read  in.  Note  that  NRLOAD  applies  to  all  of  the  preloaded  rings 
in  the  entire  shell,  an  exception  to  the  segment -by-segment  handling  of 
the  input  data  BOSOR4.  This  quantity  is  read  in  only  with  data  asso¬ 
ciated  segmt  (/l  (less  than  50). 

STA (NSTRES)  .  .  .  subroutine  STA  used  to  find  mesh  points  for  which  prestress 
quantities  will  be  read  in.  See  page  B-26. 

N10(I)  .  .  .  meridional  prestress  resultant  at  Ith  mesh  point  callout  (positive  for 

tension),  (floating  point) 

N20(I)  .  .  .  circumferential  prestress  resultant  at  Ith  mesh  point  callout  (tension 
positive),  (floating  point) 

CHIO(I)  .  .  meridional  prestress  rotation  at  Ith  mesh  point  callout  (positive  as  shown 
in  Fig.  20). 

IRING(I)  .  ...uex  number  of  discrete  ring  with  hoop  prestress  RLOAD(I).  Indices 
for  all  preloaded  discrete  rings  are  read  in  when  ISEG  =  1. 

RLOAD(I)  hoop  preload  in  discrete  rings.  Tension  is  positive.  Read  in  data  for 
all  preloaded  discrete  rings  in  shell  when  ISEG,  the  current  segment 
number  equals  one. 

Never  include  cards  for  IRING  or  RLOAD  if  ISEG  is  greater  than  1. 
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SHELL  WALL  PROPERTIES  FOR  SHELL  SEGMENT,  ISEG 


3000  Continue 

•  Read  NWALL 


If  NWALL  = 1  •  Read  SMPA 

•  Read  Cll,  C12,  Cl4,  C15,  C22,  C24 

•  Read  C25,  C33,  C44,  C45,  C53,  C66 

•  Read  036,  ANRS 

If  ANRS  j-  0  •  Read  data  as  given  in  TABLE  3 
Go  to  5000 


If  NWALL  =  2  «  Read  E,  U,  SM,  ALPHA,  ANRS,  SUR 
If  SUR  =  -  1  •  Read  NTYPET 

If  NTYPET  -  1  •  Read  NTVALU 

•  Call  STA (  NTVALU  )  (see  page  B-26) 

•  Read  (TVAL(l),  1=1,  NTVALU  ) 

If  NTYPET  =  2  •  Read  TH1,  TH2,  TH3,  TH4,  TH5 
If  NTYPET  =  3  •Read  TVAL 
If  ANRS  /  0  •  Read  data  as  given  in  TABLE  3 

Go  to  p200 


If  NWALL  =  3  •  Read  E,  U,  T,  SM 

•  Read  l’H,  A,  B,  H,  AK,  STFMD 

Go  to  5000 


If  NWALL  --  4  •  Read  EF,  EM,  UF,  UM,  AK,  ANRS 

•  Read  (  T(l),  I  =  1,  AK  ) 

•  Read  (  X(l),  I  =  1,  AK  ) 

•  Read  (BE(l),  I  =  1,  AK  ) 

•  Read  (  C(l),  I  =  1,  AK  ) 

•  Read  (SM(I),  I  =  1,  AK  ) 

If  ANRS  /  0  #Read  data  as  given  in  TABLE  3 


Go  to  5000 


SHELL  WALL  PROPERTIES  FOR  SHELL  SEGMENT,  ISEG 


NWALL  .  . 


1  =  general  shell,  coefficients  ,Cij  read  in.  Properties  constant  along  9. 

2  =  monocoque  shell  with  variable  thicknesB.  Smeared  atiffeners  may  be  added. 

3  =  skew-stiffened  shell,  constant  properties  along  arc  length  s. 

4  =  fiber -wound,  layered  shell;  constant  thickness;  smeared  stiffeners  possible. 

5  =  layered  orthotropic;  variable  thickness;  smeared  stiffeners  possible. 

6  =  corrugated;  properties  constant  along  s;  smeared  stiffeners  possible. 

7  =  semi-sandwich  corrugated;  smooth  skin  variable  thickness;  smeared 
stiffeners. 

8  =  layered,  orthotropic,  temperature-dependent  material  properties; 
variable  thickness;  smeared  stiffeners  may  be  added. 


SMPA  ...  shell  wall  mass/area. 

I  Cll,  C12,  etc.  .  .  .  coefficients  of  constitutive  law  given  by  Eq.  (0). 

ANRS  ...  0,  =  no  smeared  rings  and  stringers  to  be  added;  l.=  yes,  smeared  rings  and 

stringers.  (floating  point  number) 


E  .  Young's  modulus. 

U  .  Poisson's  ratio.  2  4 

SM  .  shell  wall  material  mass  density  (e.  g.  aluminum  =  .  0002535  lb-sec  /in.  ). 

ALPHA  .  .  shell  wall  coefficient  of  thermal  expansion. 

ANRS  ....  0,  =  no  smeared  stiffeners;  L=  yes,  smeared  stiffeners. 

SUR  ....  -l.=  position  of  reference  surface  arbitrary  with  respect  to  inner  surface. 

0,=  reference  surface  is  middle  surface  (thickness  =  twice  2,  so  no  input  req'd). 


+  l,s  reference  surface  is  "outer"  surface  (thickness  =  z,  so  no  input  req'd  for  t). 

NTYPET  .  1  =  variable  thickness;  2  =  variable  thickness;  3  =  constant  thickness. 

NTVALU  .  number  of  mesh  point  callouts  for  which  thickness  will  be  read  in. 

STA(NTVALU)  .  .  subroutine  STA  finds  which  mesh  points  thickness  input  corresponds  to. 
TVAL(I)  . .  thickness  at  Ith  mesh  point  callout.  (See  Fig.  34. ) 

TH3  TH5 

THl,  TH2,  TH3,  TH4,  TH5  ..  coefficients  in  function  thickness  -  THl+TH2>i‘s  +TH4!!-s 
TVAL  .  .  .  shell  wall  thickness,  constant  for  this  segment. 


3 


4 


E 

U 

T 

SM  .  .  . 
TH  ... 
A 
B 
H 

AK  ... 
STIFMD 


Young's  modulus.  (Note:  Do  not  use  this 

Poisson's  ratio.  option  for  shells  with 

thickness  of  skin  in  shell  with  skew  stiffeners.  stiffeners  on  lines  of 

shell  wall  material  mass  density.  curvature.) 

angle  (degrees)  between  stiffeners  and  shell  meridian, 
stiffener  spacing  along  circumference, 
stiffener  thickness  (dimension  parallel  to  skin), 
stiffener  height. 

0,  =  for  "inside"  stiffening;  1.  =  for  "outside"  stiffening,  (floating  point  number) 
stiffener  material  mass  density. 


EF  . 
EM  . 
UF  . 
UM  . 
AK  . 
ANRS 

T(T) 

X(I) 

BE(I) 

C(D 

SM(I) 


Young's  modulus  for  fibers.  (  Note:  "inner"  and  "outer"  are  defined 

Young's  modulus  for  matrix.  precisely  in  Section  1.  2.  Please  read 

Poisson's  ratio  for  fibers.  that  section  carefully.  ) 

Poisson's  ratio  for  matrix. 

number  of  layers  (maximum  =  20^.  (floating  point  number) 

0.  =  for  no  smeared  stiffeners;  L=  for  smeared  stiffeners  present, 

thickness  of  "double-layer"  ;  "inner"  layer  has  index  1,  ' ' cut c* "  layer  53  index 
matrix  content  by  volume  of  Ith  layer. 

winding  angle  between  fiber  and  meridian  (degrees)  of  Ith  layer. 

contiguity  factor;  0.  2  to  0.  3  is  usual  range;  see  BOSOR4  list. 

mass  density  of  Ith  layer  (e.  g. ,  aluminum  =  ,0002535  lb -sec 2/ in,  4)  , 


AK, 
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SHELL  WALL  PROPERTIES  FOR  SHELL  SEGMENT,  ISEG  (continued) 


Ii  NWALL  =-  3  •  Read  WRA.S,  ANRS,  TYPET 

If  (TYPET  -  0)  Read  (  T(l),  I  =  1,  WRAPS  ) 

•Read  (  G(l),  1=1,  WRAPS  ) 

•  Read  (  EX ( I ) ,  1=1,  WRAPS  ) 

•  Read  (  EY(l) ,  1=1,  WRAPS  ) 

•  Read  (  UXY(l),  1=1,  WRAPS  ) 

•  Read  (  SM('i),  I  =  1,  WRAPS  ) 

•  Read  (ALPKAI(I),  1=1,  WRAPS  ) 

•  Read  (ALPHA2(l),  I  =  1,  WRAPS  ) 

If  (TYPET  £  0)#  Read  NTIN 

•  Call  STA(NTIN)  (see  Page  B-26  for  input  from  STA  ) 
If  (TYPET  £  0)  Do  3100  1=1,  WRAPS 

3100  •  Read  (TIN(ll),  II  =  1,  NTIN  ) 

If  ANRS  £  Q  •  Read  data  as  given  in  TABLE  3 

Go  to  3000 

If  NWALL  =  6«  Read  E,  U,  ANRS,  SMPA 

•  Read  CC,  CH,  CD,  CT,  CB 

If  ANRS  £  0  •  Read  data  as  given  in  TABLE  3 

Go  to  3000 _ 

Ii'  NWALL  =  7  •  Read  E,  U,  ANRS,  SMPA 

•  Read  CC,  CH,  CD,  CT,  CB,  PHI 
•Read  ES,  US,  TS,  ANC,  TYPET 

If  TYPET  =  0  Go  to  3200 

If  TYPET  =  1  •  Read  NTYPET 

If  NTYPET  =  1  •  Read  NTVALU 

•  Call  STA(  NTVALU  )  (see  page  B -26) 
•Read  (TVAL(I),  I  =  1,  NTVALU  ) 

If  NTYPET  =  2  •  Read  TH1,  TH2,  TH3,  TH4,  TH3 

If  NTYPET  =  3  •  Read  TVAL 

3200  If  ANRS  £  0  •  Read  data  as  given  in  TABLE  3 


Go  to  3000 


SHELL  WALL  PROPERTIES  FOR  SHELL  SEGMENT;  ISEG 

(Continued) 

NWALL  5  =  layered  orthotropic;  variable  thickness;  smeared  stiffeners  possible. 

6  =  corrugated;  properties  constant  along  length;  smeared  stiffeners  possible. 

7  =  semi-sandwich  corrugated;  variable  thickness  skin;  smeared  stiffeners. 


number  of  layers  (maximum  20J.  (floating  point) 

0,  =  no  smeared  stiffeners;  1,=  yes,  smeared  stiffeners,  (floating  point) 

0,  3  layer  thicknesses  constant;  L=  layer  thicknesses  vary  with  s.  (floating  point) 

thickness  of  Iih  layer  (1  =  "inner"  layer,  with  "inner"  defined  in  Sec.  1.  2). 

shear  modulus  of  Ith  layer. 

modulus  in  meridional  direction  of  Ith  layer. 

modulus  in  circumferential  direction  of  Ith  layer. 

Poisson's  ratio  of  Ith  layer;  EY#UXY  =  EX*UYX. 

material  mass  density  of  Ith  layer  (e.  g. ,  aluminum  =  .  0002535  lb-s  ec^/  in.  "*) . 
thermal  expansion  coefficient  in  meridional  direction  of  Ith  layer, 
thermal  expansion  coefficient  in  circumferential  direction  of  Ith  layer, 
number  of  mesh  point  callouts  for  which  thicknesses  of  layers  will  be  read  in. 
subroutine  STA  finds  which  mesh  points  thickness  input  corresponds  to. 
thickness  of  a  layer  at  the  Ilth  mesh  point  callout. 


E  .  Young's  modulus. 

U  .  Poisson's  ratio. 

ANRS  ....  0.  =  no  smeared  stiffeners;  L  =  yes,  smeared  stiffeners.  (floating  point) 

SMPA  .  .  ,  shell  wall  mass/(area  of  ref.  surface). 

6  CC  .  dimension  shown  in  Fig. 

CH  .  shown  in  Fig. 

CD  .....  shown  in  Fig. 

CT  .  shown  in  Fig. 

CB  .  shown  in  Fig. 


E  .  Young' 8  modulus  of  corrugated  material. 

U  .  Poisson's  ratio  of  corrugated  material. 

(  ANRS  ....  0.  =  no  smeared  stiffeners;  l.=  yes,  smeared  stiffeners.  (floating  point) 

SMPA  ...  mass/(area  of  ref.  surface). 

CC  .....  dimension  shown  in  Fig. 

CH  .....  shown  in  Fig. 

.  CD  .  shown  in  Fig. 

CT  .  shown  in  Fig. 

CB  .  shown  in  Fig. 

PHI  .....  "knockdown"  factor  for  torsion  constant  associated  with  area  enclosed  by 

■  7  corrugation  and  skin.  From  experience  0. 3  seems  to  be  a  good  estimate 

for  PHL 

ES  .....  Young' 8  modulus  of  smooth  skin. 

US  .....  Poisson's  ratio  of  smooth  sk.n. 

1  TS  .....  thickness  of  smooth  skin  (if  constant  thickness  skin  is  used). 

ANC .  O.for  "inside"  corrugations;  1.  for  "outside"  corrugations,  (floating)  (see  Sec.  1.  2) 

TYPET  ,  .  O.for  constant  thickness  smooth  skin;  l.for  variable  thickness  skin,  (floating) 

NTYPET  .  1  *  variable  thickness;  2  =  variable  thickness;  3  =  constant  thickness. 

NTVALU  .  number  of  mesh  point  callouts  for  which  thickness  of  smooth  akin  will  be  read  in. 
STA(NTVALAJ)  .  .  subroutine  STA  finds  which  mesh  points  thickness  input  corresponds  to. 
TVAL(I)  .  thickness  of  smooth  skin  at  Ith  mesh  point  callout.  (Fig.  34) 

TH1,  TH2,  TH3,  TH4,  TH5  ...  coefficients  in  function  thickness  (s)  =  THl+TH2*s 

+  TH4*sTH5  . 

■  TVAL  .  .  thickness  of  smooth  skin  which  is  constant. 


WRAPS 
ANRS  . 
TYPET 
T  (I) 

G(I) 

EX(I) 

EY(I) 
UXY(I) 
SM(I) 
ALPHAl(I) 
ALPHA2(I) 
NT  IN 
STA(NTIN) 
TIN  (II) 


I 

I 
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SHELL  WALL  PROPERTIES  FOR  HELL  SEGMENT,  ISEG  (continued) 


Sw 


K 


it- 


If  NWAI.L  =  8  •  Read  WRAPS,  ANRS,  TYPET 

If  (TYPET  =  0)  #  Read  (  r(l),  I  =  1,  WRAPS  ) 

If  (TYPET  i  0)  •  Read  NTIN 

•  Call  STA (  NTIN)  (see  Page  B-26  for  input) 

If  (TYPET  /  0)  Do  3300  1=1,  WRAPS 

3300  •  Read  (  TIN(II),  II  =  1,  NTIN  ) 

•  Read  (  SM ( I ) ,  1=1,  WRAPS  ) 

•  Read  (NPOINT(l),  1=1,  WRAPS  ) 


I 

I 

I 

1 

I 

l 


Do  3400  1=1,  WRAPS 


•Read  (HEAT(I,K), 

•  Read  (  G(K,I) , 
•Read  (  EX(K,I), 

•  Read  (  EY(K,l), 

•  Read  (  UXY(K,I), 

•  Read  (  A1(K,I), 

•  Read  (  A2(K,l), 


K  =  1,  MPOIMT(I)) 
K  =  1,  NPOINT(I)'! 
K  =  1,  NPOINT(l) j 
K  =  1,  NPOINT(l) ) 
K  =  1,  NPOINT(I) ) 
K  =  1,  NPOINT(l)) 
K  =  1,  NPOINT(I)) 


3400  Continue 


If  ANRS  /  0  •  Read  data  as  given  in  TABLE  3 


Go  to  5000 


5000  Continue 

End  of  data  input  for  current  shell  segment.  If  (ISEG  =  NSEG),  all  data 
for  this  case  have  been  read  in.  Data  for  the  next  case  can  be  stacked 
immediately . 

If  (ISEG  is  less  than  NSEG)  go  to  10. 
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NWALL  .  . 


WRAPS  .  • 
ANRS 
TYPET  .  . 

T(I)  .... 

NTIN  .... 
STA(NTIN) 
TIN (II)  .  .  . 

8  SM(I)  ... 
NPOINT(I) 


HEAT(1,  K) 

G(K,I)  ... 
EX(K,I)  .  . 
EY(K.I)  .  . 
UXY  (K,  I)  . 
AI(K.I)  .. 
A2(K,  I)  .. 


SHELL  WALL  PROPERTIES  FOR  SHELL  SEGMENT,  ISEG 

(Continued) 

8  =  layered,  orthotropic,  temperature -dependent  material  properties', 
variable  thickness;  smeared  rings  and  stringers  may  be  added. 

TEMP  MUST  BE  UNITY  FOR  THIS  CASE. 


number  of  layers  (maximum  =  5).  (floating  point) 

0.  -  no  smeared  stiffeners;  i.=  yes,  smeared  stiffeners.  (floating  point) 

0«  -  constant  thickness;  l.=  variable  thickness.  (floating  point) 

thickness  of  Ith  layer,  with  "inner"  layer  having  index  1  (see  Sec  L.  2  for  "inner 

number  of  mesh  point  callouts  for  which  thicknesses  of  layers  will  be  read  in, 
subroutine  STA  finds  which  mesh  points  thickness  input  corresponds  to. 
thickness  of  a  layer  at  the  Ilth  mesh  point  callout. 

Z  .  4. 

mass  density  of  Ith  layer  (e.  g.  ,  aluminum  =  .0002535  lb-sec  / m.  ). 
number  of  temperature  rise  values  for  which  properties  of  Ith  layer  art'  given. 
Maximum  of  20  values/layer. 

temperatures  above  zero  -  stress  temperature  for  which  wall  properties  of 
Ith  layer  will  be  read  in. 

shear  moduli  of  Ith  layer  at  the  Kth  temperature  value,  HEAT(1,  K). 

Young's  modulus  in  meridional  direction  of  Ith  layer  at  Kth  temperature  value. 
Young's  modulus  in  circumferential  direction, 

Poisson's  ratio;  EY*UXY  =  EX*UYX. 

thermal  expansion  coefficient  in  meridional  direction. 

thermal  expansion  coefficient  in  circumferential  direction. 
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TABLE  3 

"SMEARED”  STRINGER  AND  RING  PROPERTIES 
Data  read  in  if  ANRS  -•  .1  for  any  of  the  NWALL  options 
•  Read  IRECT1 ,  IRECT2,  IVAR1,  IVARP 

If  I  RECTI  =  1  and  IVAR.1  -  0  •  Read  HI,  K] 

•  Read  El,  Ul,  STIFMD 

•  Read  TI,  HI 

Go  to  4000 

If  I  RECTI  -  3  and  IVAR.1  /  0  •  Read  NSTATN ,  Nl,  KG 

•  Ca.U  STA (  NSTATN  )  (see  page  B-2o) 

•  Read  El ,  Ul,  STIFMD 
Do  330 0  I  =  1,  NSTATN 

3300  t  Read  T(l),  H(l) 

Go  to  4-G0Q 


If  I  RECTI  =  0  and  IVARL  =••  0  •  Read  NJ,  Ki 

•  Read  El,  Ul,  STIFMD 

•  Read  XS,  Al,  XII,  XJT 

Go  to  40u0 

If  IRECT3  =  0  and  IVAR1  j  0  •  Read  NSTATN,  Nl,  Kl 

•  Call  3TA(  NSTATN  )  (see  page  B -26) 

•  Read  El,  Ul,  STIFMD 
Do  31)50  I  =  1,  NSTATN 

3550  •  Read  X(l),  A(l),  Xl(l),  XJ(I) 

Go  to  4000 

4000  If  IRECTP  =  1  and  IVAR2  =  0  •  Read  K2 

•  Read  E2,  UN,  RGMD 

•  Read  DP,  TP,  HP 

Go  to  4500 

If  IRECTP  =  1  and  .IVARP  /  0  •  Read  NRINGS,  K2 

•  Call  STA (  NRINGS  )  (see  page  B-26) 

•  Read  E2,  U2,  RGMD 

Do  4100  1-1,  NRINGS 

4100  •  Read  D(l),  T(l),  H(l) 

Go  to  4300 

If  IRECTP  =  0  and  IVARP  •=  0  •  Read  KP 

•  Read  EP,  UP,  RGMD 

•  Read  XR,  D2,  AP,  XI2,  XJ2 

Go  to  4500 


If  IRECTP  -  0  and  IVARP  /  0  ®  Road  NRINGS,  K2 

•  Call  STA (  NRINGS  )  (see  page  B-26) 

•  Read  EP,  UP,  RGMD 

Do  4 POO  I  =  1,  NRINGS 
4200  •  Read  X(l),  D(l),  A(l),  XI(I),  Xj(l) 

Go  to  4300 

4300  All  data  for  ''smeared"  stringers  and  rings  nave  been  read  in. 
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TABLE  3 

"SMEARED"  STRINGER  AND  RING  PROPERTIES 
Data  read  in  if  ANRS  3  1  for  any  o i  the  NWALL  options 


IRECTi  ...  1  3  stringers  have  rectangular  croaa  aectionai  0  3  arbitrary  cross  sections. 

IRECT2  ...  1  3  rings  have  rectangular  cross  sections;  0  3  arbitrary  cross  sections, 

IVAR1  ...  1  3  stringer  properties  vary  with  arc  length  s;  0  3  stringer  properties  constant. 

IVAR2  ...  1  =  ring  properties  vary  with  arc  length  e;  0  3  ring  properties  constant. 


N1  .  number  of  stringers  in  260  degrees. 

K1  . .  0  for  "internal"  stringers;  1  for  "external"  stringers  (see  Sec.  1.2  for  "inner"). 

El  .  stringer  modulus, 

U1  .  stringer  poisson  ratio  2  . 

STlFMD  ..  stringer  material  mass  density  (e.  g.  aluminum  =  .0002535  lb-sec  /in.  ). 

T1  .  stringer  thickness  (dimension  parallel  to  shell  wall)  (constant). 

HI  .  stringer  height  (constant). 

NSTATN  . .  number  of  mesh  point  stations  for  which  stringer  properties  will  be  read  in. 
STA(NSTATN)  . .  subroutine  STA  finds  mesh  point  callouts  corresponding  to  input  data. 

T(I)  .  stringer  thickness  at  Ith  mesh  point  callout. 

H(I)  .  stringer  height  at  Ith  mesh  point  callout. 

XS  . .  'distance  from  neutral  axis  of  stringer  to  closest  shell  surface  (constant). 

A1  .  cross  section  area  of  stringer  (constant). 

XII  .  centroidal  moment  of  inertia  of  stringer  about  axis  perpendicular  to  .meridian. 

XJ1  ......  torsional  constant  J  of  stringor  (constant). 

X(I)  .  distance  from  neutral  axis  of  stringer  to  closest  shell  surface  at  Ith  callout. 

A  (I)  .  cross  section  area  of  stringer  at  Ith  mesh  point  callout. 

XI(I)  ......  centroidal  moment  of  inertia  of  stringer  at  Ith  mesh  point  callout, 

XJ(I) .  torsional  constant  J  of  stringer  at  Ith  mesh  point  callout. 


K2  ......  0  for  "internal"  rings;  1  for  "external"  rings  (see  Sec.  1.  2  for  "inner")# 

E2  .  ring  modulus. 

U2  .  ring  Poisson's  ratio.  a 

RGMD  ....  ring  material  mass  density  (eg,  aluminum  3  .  0002535  lb-s  ec/in.  ). 

D2  .  arc  length  between  adjacent  rings  (constant). 

T2  ......  ring  thickness  (dimension  parallel  to  shell  wall)  (constant). 

H2  ......  ring  height  (constant). 

NRINGS  . .  .  number  of  mesh  point  stations  for  which  ring  properties  will  be  read  in. 
STA(NRINGS)  . ,  subroutine  STA  finds  mesh  point  callouts  corresponding  to  input  data. 
D(I)  ......  average  ring  spacing  at  Ith  mesh  point  callout. 

T(I)  .  average  ring  thickness  at  Ith  mesh  point  callout. 

H(I)  .  average  ring  height  at  Ith  mesh  point  callout. 

XR  ......  distance  from  neutral  axis  of  ring  to  closest  shell  surface  (constant). 

A2  .  ring  cross  section  area  (constant). 

XI2  .  ring  centroidal  moment  of  inertta  about  axis  parallel  to  meridian  (constant). 

XJ2  .  ring  torsional  constant  (constant). 

X(I)  .  distance  from  neutral  axis  of  ring  to  closest  shell  surface  at  Ith  callout. 

A(I)  .  average  ring  cross  section  area  at  Ith  mesh  point  callout. 

XI(I)  ......  average  ring  centroidal  moment  of  inertia  at  Ith  mesh  point  callout. 

XJ(I) .  average  ring  torsional  constant  J  at  Ith  mesh  point  callout. 
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INPUT  DATA  READ  IN  FROM  SUBROUTINE  STA(NPOINT) 


•  Read  NTYPE 

If  NTYPE  =  1  •  Read  (iPOIM.(l),  I  -  i,  NPOINT  } 

II'  NTYPE  -  2  •  Read  <Z(l),  I  =  1,  NPOINT  ) 

If  NTYPE  =  3  •  Read  (R(l),  1=1,  NPOINT  ) 

If  NTYPE  =  h  •  Read  (S(l),  I  =  1,  NPOINT  ) 

If  NTYPE  =  5  •  Read  (THETA (I),  1=1,  NPOINT  ) 


Note:  NPOINT  is  the  number  of  stations  for  which  input  data  are  to  be  read  in 

Z(l)  is  the  axial  coordinate  of  the  Ith  data  element. 

R(l)  is  the  radial  coordinate  of  the  Ith  data  element. 

S(l)  is  the  length  of  meridional  arc  from  the  beginning  of  the  local 

segment  to  the  Ith  data  element . 


THETA (i)  is  the  angle  in  degrees  from  the  axis  of  revolution  to  a  normal 
through  the  station  corresponding  to  the  Ith  data  element. 


IPOINT(l)  Mesh  point  callouts  for  which  data  will  be  read  in. 
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Table  5 

INPUT  DATA  FOR  CYLINDER  UNDER  HYDROSTATIC  PRESSURE  (Fig.  27) 
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UNIFORMLY  LOADED  FLAT  CIRCULAR  PLATE  (FIG.  28) 


TABLE  7 

INPUT  DATA  FOB  CYLINDER  WITH  THREE  POINT  LOADS  (FIG.  29) 


32.9'F 


OUTER 

SURFACE 

TEMPERATURE 


Fig.  1  Segmented  Composite  Shell  for  Analysis  by  BOSORty  (Page  1  of  2) 


Typical  Branched  Shell  01  Revolution  lor  Analysis  by 
B0S0R4 .  Table  1  >'ives  the  Constraint  Condition  Input 
Data  . 


k  Stiffness  Matrix  Configuration  with  Type  1  and  Type  3  Constraint 
Conditions 


Fig.  5 


Stiffness  Matrix  Configuration  with  Type  k  and  Type  5  Constraint  Condition 


F"  fines  s  Matrix  Configuration  with  "Split"  Q  Matrix 
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).  3.0  and  I.l  Variety  of  Stiffness  Matrices  with  Constraints  as  Shown 


12  Stiffness  Matrix  Configuration  for  Structure  with  Many  Branches 
at  a  Point 

B-U3 


Fir;.  13  Stiffness  Matrix  Configuration  for  Crossing  Branches  with 
Additional  Constraint 
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Fig.  l4  Stiffness  Matrix  Configuration  for  Double-Walled  Structure 
Fastened  Intermittently 
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Stiffness  Matrix  Configuration  for  Shell  with  Crossing  Bulkheads 
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Fi^-  16  Stiffness  Matrix  Configuration  for  Three-Segment  Shell 
With  Split  Q  Matrix 
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IP0INT  =  1 


Calculate  first  derivative  of  energy  (local  right- 
hand  aide  PSI)  and  aecond  derivative  of  energy 
(local  atlffneea  matrix  BCB)  correiponding  to 
IPfJlNT.  Contribution  of  ahell  (train  energy 
and  work  done  by  dl(tributed  mechanical  and 
thermal  loads. 


Find  global  row  numbers 
12M,  I1M,  10.  IIP,  I2P 
corresponding  to  IP®INT 


Calculate  first  and  second  derivatives 
of  energy  corresponding  to  the  IKth 
ring  in  the  JSEGth  segment.  Work  done 
by  mechanical  and  thermal  line  loads. 

3 - 


Calculate  local  matrix  QU  containing 
"minui"  part  of  the  ICtfNDlst  constraint 
condition  and  contributions  of  the  "minus" 
part  to  the  local  and  global  right-hand 
side  vectors  PSI  and  FNEW  and  to  the 
local  stiffness  matrix  BCB. 

T 


IC®ND1  =  IC<3ND1  +  1 

E 


Fill  global  stiffness  matrix  RB  with  QI) 
or  save  QD  for  use  in  future  block. 


Calculate  local  matrix  D  containing  "plus" 
part  of  the  IC0ND2  nd  constraint  condition 
and  contributions  of  the  "plus"  part  to 
the  local  and  global  right-hand  side  vectors. 
Fill  the  global  stiffness  matrix  BB  with  D. 

If  global  row  number  IR  of  constraint  condi¬ 
tion  equals  the  global  row  number  of  the 
"minus"  part  QSAVE  of  a  constraint  condi¬ 
tion  from  a  previous  block,  fill  BB  with 
CSAVE  also. 


Fill  global  matrix  BB  and  global  right- 
hand  side  FNEW  with  the  local  stiff¬ 
ness  matrix  BCB  and  local  r-h-s  PSI 

T~ - - 


IC0ND2  =  ICCSND2  +  1 


L 


IP<f  >  T  =  IP0INT  +  1 


IPdlNT  >  15  ( JSEG)  7 


NO 


S'-Q 
S.  e 


YES 


S'cr?  c  rim* 
%c  oo  .  IT. » , 


loci  c-n  drum  or  disk, 
bi  Til  =  II  +  1. 


YES 


Doea  highest  equation  number  correspond 
to  last  equation  NGBKP  (III)  in  current 
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Flow  Chart  of  Subroutine  PRESTS,  PR  ESTS  is  entered  for  each  segment 
of  a  shell  of  NS  l,G  segments  and  for  each  Newton -Raph son  iteration  of 

the  itonliiiCut  •  GiUtiOii. 
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Fig.  19  (a)  Shell  Reference  Surface  Discontinuity 
(t>)  support  Points 
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Two-Segment  Shell  Meridian  with  Discrete  Rings,  Discontinuity 
and  Various  Quantities  Identified 


ICi'obIiU  dlKirwct  iipruilMi  tor 
w,  W*  \  QKTWWD  . 


Find  global  row  numbers 
»M,  UM,  QM,  IQ,  DP,  UP,  UP 
corresponding  to 


6x6  C-mairlx  (GETC). 


lUCK  -  4,  '■•'leu  Late  VTrm,wV  ♦ 

,  (.  !-•;)  and  T’T(VJ  Cm„  V  *  U  4Lt  '  /MATMU4L 
I  for  contribute  >  -f  nb  ii.ji  «fi»T*r  , 

I  n.inf  ahall  atraln  energy  4w  Umbo.  \ared 
|  matrix  K j  (ace  Eq.  (93|). 


If  (BUCK  •  3.  calculate  ah«U  kinetic 
energy  of  finite -dlfterence  element  I. 


- —  corr,lpoiwl\ 
to  discrete  ring 
location  _ _ 


U  DUCK  *  1  (stiffness  matrlr.  K.)  or  If 
DUCK  ■  2  (toad-geometric  matrix  Kg),  calculate 
the  6x7  matrix  BL,  represented  aa  B  in  Eq.  (99) 
and  coneiatiag  of  the  coefficiente  of  the  nodal 
point  dleplacemente  associated  with  the  Ith  finite 
difference  element  kinematic  relatione  given  by 
£q.  (46)  (GETBl). 


If  IN D1C  *  4  and  IND1C  d  3  and  DUCK  «  l. 
calculate  presaure- rotation  effect  aasoci  ited 
with  "fixed"  presaure  (GETP).  This  calcula¬ 

. 

tion  corresponds  to  2nd  tsrm  In  Eq.  (91). 

U  INDIC  ■  3,  calculate  right-hand  side  vector 
corresponding  to  Ith  finite-difference  element 
(SRHS). 


If  DUCK  »  2,  calculate  NY«.  fpR£)  and  DTPVD 
(CETP)  and  R  -N^R  (MATMUt)  and  additional 
term*  In  load-geometric  matrix  Kj  for  finite- 
dikrerence  element  I.  See  Eq.  (92). 


If  DUCK  «  1  (atlffneae  matrix  Kt  co.npt>' stton): 
calculate  dlecrete  ring  ecc.intrlcitv  matrix  E 
(CETE);  calculate  traneformatlon  matrix  tor  a*, 
v*.  we,  to  nodal  point  variables,  q(  (D  in  GETD); 
calculate  discrete  ring  atlflneaa  matrix  given  by: 

BfGB,.  H'.Rjr«r  (...  E,.  (»))  IGETCI 
In  Eq.  (96)  ?>E*D.  Calculate  contribution  of 
strain  energy  or  IKth  discrete  ring  to  local 
►  energy  matrix,  U,  MATMU2.  MAT  MU  4.  If 
DD1C  *  3,  calculate  contributions  to  lend  vector 
of  line  loads  (RRKS). 


II  DUCK  •  2  (load-geometric  matrix,  Kr): 
calculate  E  and  D  (GETE,  GETD);  calculate 
Hv  r  RjrvRr  (»ee  Eq.  (96» 

In  Eq.  (96)T»E*D.  Calculate  contribution  of 
■train  energy  ol  IKth  discrete  ring  to  local  energy 
matrix.  U,  MATMU2,  MATMU4. 


Ilf  DUCK  •  3,  calculate  kinetic  energy  of  DCth 
discrete  ring. 


correspond  ^ 
to  location  of 
‘'minus”  part  of  cob- 
•vvstraint  condition  .. 


I  Calculate  local  matrix  QD  containing  '■mini..”  part  \ 
of  the  ICONDUt  constraint  condition.  Account  for  '■ 


ICONDl  *  1COND1  ♦  l 


-4  Fill  global  stiffness  matrix  K,  (AS)  with  QD  or 
savr  QD  for  use  ;n  future  block. 


"  correspond 
to  location  of 
■'plus"  part  «f  con- 
-^atralnt  conoitlon^' 


I  Calculate  local  matrix  D  containing  "plus'1  part 
of  the  !COND2nd  constraint  condition  and  fill 
►t  the  global  stiffneaa  matrix  Kj(AS)  with  D.  If 
.  global  row  number  IR  of  constraint  conditions 
equals  the  global  row  number  of  the  "minus" 
part  QSAVE  of  a  constraint  condition  from  a 
,  previous  block,  fill  AS  with  QSAVE  also. 


■  ICOND2  *  ICOND2  +1 


J  I  >  number  of  mesh  points 
'  in  current  Segment.  1SEG 


MM 


Does  highest  equation  number  correspond 
to  last  equation  NGBK(Ul)  tn  current  block  III  ? 


^  lUlTURN  T  h 


Fig.  22  Flow  Chart  of  Subroutine  STABIL,  Which  is  Analogous  to  Subroutine  PRESTS 
(See  Fig.  17) 
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23(b)  READ  IT  LINK  (Input- Output)  UNI,rAC  1108  Configuration 
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FILLS? 


Fif.*  23(c)  l'RE  Link  (Nonlinear  Axi symmetric  Irestress) 


Fig*  23(d)  ARRAYS  Link  (Linear  Stress,  Stability,  Vibrati 
Equations  Set  Up) 
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Fig.  2j(e)  BUCKLE  Link  (Linear  Stress,  Stability,  Vibration 
Equations  Solved) 
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Fig.  23(f)  M$DE  Link  (Linear  Stresses,  Buckling  and  Vibration  Modes 
Obtained) 


Fig.  23(g)  FI.0T  Link  (Important  Results  Plotted  with  SC^OPO) 
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Fig.  24(a)  Flow  Chai’t  of  MAIN 
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Fig.  24(b)  Flow  Chart  of  READIT 
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Establish  loads 
LOADS 


Set  up  coefficient 
matrix  32U0/aqi3qj 

and  the  "right-hand- 
side”  -  <l> i  for  current 
load  and  Newton-Raphson 
iteration.  Store  on  drum 
in  blocks. 

APREB 


Read  coefficient  matrix 
from  drum  and  factor  in 
blocks.  Store  factored 
matrix  on  drum. 

FACTR 


Solve  the  equation  system 

-  {-v 

SOLTrE 


If  no  convergence 
after  10  iterations 
reduce  load  increment 
and  try  again.  If  load 
Increment  too  small  go 
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UNLOAD 


Test  for  convergence: 

|  Aq^/q.  |  x  0.001  for 
1  =  1,  2,  3,  .  .  .M 

!  Convergence 

_ 

Calculate  stresses  from 
displacement  vector 
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Convergence 


Return 


Fig.  24(c)  Flow  Chart  of  Subroutine  PRE 


IC  =  2 


Calculate  mass  matrix,  M 

ASTAB(3) 
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Return 


Fig.  24(d)  Flow  Chart  of  Subroutine  ARRAYS 


Fig.  24(e)  Flow  Chart  of  Subroutine  BUCKLE 
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F  24(f)  Flow  Chart  of  Subroutine  MODE 
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PLOT 


Call  CAMRAV(P) 


If  INDIC  =  3,  recover 

meridional  distributions.  SMODE 

and  circumferential  distributions,  TMODE 
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and  meridional  stations;  X 


If  INDIC  =  0  or  -1  recover  prestress 
distributions  and  plot  them 
PLOTOP 


Do  140,  K  =  1,  NVEC  (no.  of  eigenvector s/N) 


Plot  buckling  or  vibration  modes 
PLOTOP 


140  End  of  do  -loop  on  K - - 


Plot  meridional  distributions  for 
prescribed  number  of  theta-stations 
PLOTOP 


Plot  circumferential  distributions 
for  prescribed  number  of  meridional 
stations.  PLOTOP 


Fig.  34(g)  Flow  Chart  oi  Subroutine  PLOT 
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BOSORU  Test  Case  Ho.  6:  Buckling  of  Ccnical  Shell  Heated.  Along  an  Axial  Strip 
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Fig.  33  Various  Meridian  Reference 

Surface  Geometries  Correspond! 
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Fig.  .■>-!•  Shell  Meridian  Showing  Input  Dutu  for  Reference  Surface 
Location  (ZVAL,  IZVAL)  and  Thickness  Distribution  (TVAL, 

XT'/ ALU ) .  Reference  Surface  Location  and  Thickness  Distribution 
Vary  Linearly  Between  Callout  Points  IZVAL  and  I TVAL 
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APPENDIX  C 


CDC  6600  Aim  UNIVAC  1108  (EXEC  8) 


B0S0R4  OVERLAY  CONFIGURATIONS 


CDC  6600  OVERLAY  STRUCTURE 


«EC 

name 

TYPE 

length 

CKSUm 

DATE 

1 

OVERLAY 

TEXT 

2 

554^ 

. -  •  - 

-QV£aLAY4aO&OR<a-»04 . 

.2 

main 

ML _ 

-2.(112. 

S36v 

_0l/O7/72 

3 

maimi 

REL 

47 

1537 

01/07/72 

4 

SR100T  ... 

-  REL- _ _ 

- 4-7 

446i 

01/07/72 

5 

ELTl 

REL 

30 

735? 

01/07/7? 

6 

ELL3 _ 

dFL 

1  00 

-41A*- 

040? 

-  0-1/03/72 
01/07/72 

7 

GASP 

REL 

233 

8 

urndm 

.  REL . . 

-  .  16A  - . 

-470a 

01/07/72 

0 

FACTR 

REL 

745 

31  Or 

01/07/72 

10 

SOLVE 

fiEL  . 

.  465 

-  1.347 

-  01/07/72 

11 

CHANGE 

REL 

11  6 

067a 

01/07/7? 

12 

stress 

REL  . -  — 

- 443  . 

-7  4?6-- 

-  01/07/72 

13 

MATMU3 

REL 

14? 

472a 

01/07/72 

14 

OVERLAY 

TEXT 

overlay < 1  *  0 ) 

2 

5067 

15 

REAniT 

REL 

1246 

372k 

01/07/72 

16 

.MESH 

-  Ml . .  —  ... 

- 5?&  ..  .  . 

-3)6.7 

01/07/72 

17 

STa 

REL 

430 

3067 

01/07/72 

18 

INTFR 

REL 

154 

1067 

01/07/7? 

19 

F I  NO/ 

ML 

156 

157k 

01/07/72 

20 

GETZ 

REL 

366 

3437 

01/07/72 

21 

OUTAX 

REL 

476 

1037 

01/07/72 

22 

OVERLAY 

TEXT 

overlay <1 «1> 

. -- 

6?67 

23 

RFlRST 

REL 

34) 

7>2* 

01/07/72 

24 

OUT  INI 

REL 

1306 

467? 

01/07/72 

25 

WRCON 

REL 

223 

466k 

01/07/72 

26 

overlay 

TEXT-  - . 

OVERLAY (1,2) 

- . -  -2 - 

— 4467- 

— 1  - •-  .... 

27 

GEOmT'? 

REL 

23? 

7407 

01/07/72 

28 

GEOMTY 

REL 

517 

1?37 

01/07/72 

29 

geom 

REL 

41  o 

4507 

01/07/72 

30 

imrfrf  . 

REL...  _  . 

-1 07?  - 

-  .44)4^ 

—  04/67/72 

31 

GEOM1 

REL 

45? 

3477 

01/07/7? 

32 

GE0M2 

REL 

7?7 

5404 

01/07/72 

33 

ARCORW 

REL 

231 

0?57 

01/07/72 

34 

GE0M3 

REL 

51? 

450X 

01/07/72 

.35 

GEUM4 

REL 

1  2f)4 

006q 

01/07/72 

36 

shell 

REL  . 

.  705  .... 

O6I1 

01/117./ 7  2 

37 

SPLTNF 

PEL 

315 

5477 

01/07/72 

38 

SPLICO 

REL  .  . 

. 5?6.  _ 

.-561  n  . 

_  51/157/72 

39 

GE0M5 

REL 

623 

0007 

01/07/72 

40 

OVERLAY 

text  -  _ 

OVERLAY  < 1,3) 

?  ~  ■ 

3667 

-  '  " 

41 

RZLG 

REL 

37  0 

?17a 

01/07/72 

42 

RGOATA 

REL--  . - 

111!) 

3?0k 

Oj/07/72 

43 

zehoit 

REL 

346 

14 1  n 

01/07/72 

44 

loadre 

r£l 

340 

.  .1077 

01/07/72 

45 

LINFLO 

rel 

445 

6267 

01/07/72 

C-l 


nee 

namf 

TvPE  LFMGTH 

CK5U»< 

n  ATF 

44 

DISTL 

RtL 

1  ?4  2 

406A 

01/07/72 

♦7 

loaoro 

RtL 

.474 

2  34  A 

01  /07/-7-2 

48 

getfs 

PEL 

12n 

2  ft  ft  7 

01 /07/72 

4<? 

FOUR 

REL 

112ft 

0707 

01/07/72 

50 

gety 

PEL 

113 

466** 

01/07/72 

51 

FCUEF 

RtL 

345 

?04p 

01/07/72 

5? 

ouicc 

RtL 

306 

70  1 7 

01/07/72 

53 

OUTHM 

REL 

214 

734  A 

01 /07/72 

54 

55 

GE1 PST 
OVERLAY 

REL 

text 

OVERLAY (1,4) 

450 

2 

1  127 

4067 

01 /07/7? 

56 

WALLS 

REL 

211 

363  7. 

01/07/7? 

57 

WALLCF 

REL 

1  151 

77  6-i 

01/07/72 

58 

FlNni w 

PEL 

?o  7 

2l6i 

01/07/7? 

89 

FUNCT 

REL 

117 

63?A 

01/07/7? 

60 

CF«1 

REL 

3460 

4336 

01/07/7? 

61 

CFo? 

REL 

1235 

??7-» 

01/07/7? 

62 

INURAT 

REL 

3?4 

273/. 

01/07/7? 

63 

CFt»3 

rel 

607 

337c 

01/07/72 

64 

CFb4 

PEL 

131^ 

0  07  A 

01/07/72 

65 

CFB5 

PEL 

1  63ft 

760-3 

01 /07/72 

66 

CFG6 

rFL 

555 

5167 

01/07/7? 

67 

CFtt7 

PEL 

1336 

??3c 

01/07/72 

68 

CFdP 

REL 

1576 

246 1 

01/07/72 

69 

70 

STIFF 
OVER|  AY 

REL 

text 

OVERLAY (1,8) 

1303 

2 

4?  0  3 
327  A 

01/07/72 

71 

RFiVE 

PEL 

643 

?6ftc 

01/07/7? 

72 

ZGLflMF 

PEL 

370 

?62  A 

01/07/72 

73 

outtn? 

REL 

1  1  0? 

•  152^ 

0V/0-7/72 

74 

outll 

REL 

4  68 

1406 

01/07/72 

75 

IShTF  T 

PEL 

127 

65?a 

01/07/7? 

76 

SKILI  '1 

REL 

2523 

807  f 

01/07/72 

77 

SORT 

pel 

241 

6?5* 

01/07/7? 

7« 

ge  riw 

REL 

23? 

7217 

01/07/72 

79 

80 

gefhlk 

OVERLAY 

REL 

text 

OVFPI-AY  ( 1*6) 

374 

2 

?60a 

34?'; 

01/0-7/7? 

81 

OUTFI*" 

rel 

47 

1  1  0  7 

01/07/72 

8? 

our? 

REL 

10)7 

ft81  -> 

01/07/72 

83 

OUTNOM 

REL 

1  271 

245? 

01/07/7? 

84 

SUPFR 

REL 

625 

064  < 

01/07/72 

8«s 

OUTlOh 

RtL 

3)5 

460  7 

01/07/7? 

86 

ou  rppF 

PEL 
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0 1 /07/7? 

87 

88 

OUTWUC 

OVERLAY 

REL 

text 

OVERLAY (2,0) 
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2 
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546-r 

01/07/72 

RtL 
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RV 
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9ft 
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PEL 

1  36 

7225 

01/07/7? 
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9? 

UNLOAI1 

OVERLAY 

REL 

text 

overlay 
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2 

074a 

4667 

01/07/72 

c-?. 


rec 

NAMp 

TYPE 

length 

CKSU‘i 

date 

.93 

.  PRE4 ...  ... 

-REI _  ...  . 

- **.. 

OO64 

01/07/72 

94 

APHpR 

REL 

34? 

615* 

01/07/72 

95 

— PRES  T9  ... 

PEL  _ 

3346  . 

5365 

01/07/72 

96 

GETWWP 

REL 

14? 

000* 

01/07/72 

97 

pgetb 

REL  _ 

--304 

3505 

01/07/72 

9  P 

pgetc 

REL 

243 

505c 

01/07/7? 

9l9 

.--.PlkUiP— 

--PEL- - 

- 1-ML-- 

- . 7+  2+ - 

01/47/72 

1  00 

overlay 

text 

OVtRLAY (?,2J 

2 

5065 

101 

PRE2 

REL 

. 60  - 

-377* 

01/07/72 

1  02 

PREP 

rEL 

4(>6 

?43a 

01 /07/72 

103 

. plocal 

REL.-..  - 

-2037 

4475 

01/07/72 

104 

OVERLAY 

TEXT 

OVtRLAY (3*01 

2 

606? 

105 

arrays 

REL 

1002 

7?3t 

01/07/72 

1  06 

ASTAR 

REL 

914 

5635 

01/07/72 

107 

stabil  - 

.REL _ 

4 34S  . 

-  —477  4 

01 /07/72 

105 

GETWton 

PEL 

1  4? 

651* 

01/07/72 

109 

FILLB 

RtL 

206 

7475 

01/07/72 

110 

GETH1 

REL 

736 

514* 

01/07/7? 

111 

GEfC 

RtL 

33? 

407T 

01/07/72 

112 

GETO 

REL 

1S1 

61  05 

01 /07/72 

113 

GETp 

REL  ...  . 

427 

45*? 

01/07/72 

114 

GETG 

REL 

365 

034* 

01/07/72 

115 

GETP 

REL 

277 

1  445 

01/07/72 

116 

GEtROT 

REL 

3?3 

6205 

01/07/72 

117 

MATMUl 

REL 

243 

702* 

01/07/72 

116 

MArMIJ? 

REL 

240 

574a 

01/07/72 

119 

MAT  M(J  A  . 

.  REL-  -  . . 

237- . - 

*36 7 - 04-/47-/72 

120 

RRHS 

pel 

502 

4556 

01/07/72 

121 

SRrtS 

RtL 

476 

745* 

01/07/72 

122 

OVERLAY 

text 

OVERLAY (4*0) 

•> 

6465 

123 

BUCKLE 

.  REL  .  . .  .. 

-  256  ... 

_ 44.UL 

-.04  /  07  /  7.2  . 

124 

VEC 

REL 

256 

5335 

01/07/72 

125 

ADO 

REL 

253 

71  IT 

01/07/72 

126 

OVERLAY 

TEXT 

OVtRLAY ( 4  » 1 ) 

2 

566? 

127 

EBAND2 

REL 

3126 

■  0705  . 

-01/07/72 

126 

ADD2 

rel 

173 

6l  5* 

01/07/7? 

129 

OF([hO? 

REL . 

222 

154* 

-04/07/72 

no 

OVERLAY 

text 

OVERLAY  Um>> 

2 

6067 

131 

EIGEN 

rel 

4*20 

.  .-1277-.. 

.01/07/72 

132 

OVtRLAY 

text 

OVERLAY (4*3) 

2 

5?Gt 

. 

133 

eband 

rel 

3077 

4175 

01/07/72 

134 

OR!  HO 

REL 

154 

677i 

01/07/72 

1 3.6 

OVERLAY 

TEX.T..  . . . . 

- 2 - 

- 707hL- 

— _ _ _ 

C-3 


HEC 

NAM? 

T  -Pt 

1  fMOyii 

OKSlJu 

HATC 

'VFi-fLAy  (S, 

0) 

“i 

lift 

MOUF  \ 

•»tL 

*>  s 

ft  72 n 

0  1  707/72 

•  • 

137 

1  <«  |S 

MDUf 

wtL 

1  '•• » p 

ft  0  7  y 

0|  / 0  7 / 72 

_ 

lie 

IF  i  *«n 

•iEL 

1  yn 

7«0* 

0) /07/72 

f 

139 

LOCAL 

PEL 

1  7*7 

POOo 

01/07/72 

a* 

1 40 

p  I  ,jpf 

PEL 

MCC, 

7^42 

01/07/72 

141 

SFOSt 

PEL 

ft  o » 

704-; 

0| /07272 

T 

142 

ovt’i  \y 

1  EX  f 

v> 

747  « 

i 

OVE; ;|  Ay  (A, 

01 

143 

PLOT  1 

»*fl 

0  7  lc 

01/07/72 

I 

144 

PLOT 

1?7r; 

01/07/7? 

145 

PLUTOP 

s-'El 

1 5  m 

«?1  07 

01 /07/72 

I 

146 

#  tOF  # 

S ;  t  •■*  = 

1  }7t. 

I 

3 

3 

3 

1 

I 

I 


yiitiyftiunu  mmi  n  - 


UNIVAC  1108  MAP  AND  OVERLAY  STRUCTURE 

•SMAP.S  ROSORPtROSORft 

MAP  0022-0?/ I  I -OP J I 2  -(0.) 


1 . 

SR  G 

MN 

2. 

IN 

MAIN 

1. 

IN  SYS$*RL I R$ .PLOT* 

4  , 

IN  5YS%*Rl1H* .PLOTS* 

S, 

SEG 

L I NK 1 *, ( MN ) 

6. 

IN 

REAO| T,gETZ»FIM07 

7, 

SEC, 

s  l i *  * (  L  I N  K  1  ) 

ft. 

IN 

RFIPST 

P. 

Sfc'G 

SL2*. (LINK)  ) 

1  0. 

In  i 

MESH 

1  1  . 

SEC, 

St !*♦ (LINKI ) 

12. 

IN 

GEOM  TR 

n. 

SEC, 

GEO  1 *, (SL1) 

14.' 

IN 

GEOM  | 

IS, 

SEG 

GE02*t (SLR) 

16. 

In 

G  E  n  M  2 

17. 

SEG 

GEOl*. (SLR) 

1  ft. 

In 

GFonI 

IP, 

SEG 

GEOm*, (SLR) 

20. 

In 

GEoM4 

2  1  . 

SFG 

GEOS*,  (  St. R  ) 

2  2  . 

I  N 

GEomS 

21. 

SEG 

SI  4*, (LINK  I  ) 

24. 

In 

RZLG 

*1  f- 

c  ->  • 

SEC* 

h  G  *  ,  (  5  i  4  ) 

26. 

IN  PGDAT  A 

I 


?7 


SFG  ZT*f(SI.4> 


I*  ZERO  IT 


St c,  lo*,  ismi 

IN  <  OAP=>F_ 
sfg  c»t*,(sl>4) 

IN  GFTPST 

Sr G  SIS**  ( I.  INK  I  ) 

IN  WALl  S,  If  ft  LI  CF»CFR  I  .P'lMCT 
S FC>  CP?*,  ISIS) 

IN  CFH? 

SPG  CRT*.(SLS) 

IN  v. F  h  T 

SFG  CP1**,  (  S L S  ) 

IN  C.FPq 

SFG  CPS* , (  SL  S  ) 

In  CFhs 

SFG  CFS*,(S|.S) 

IN  C.FP-S 

SFG  C.  P  7  *  ,  (  SI  S  ) 

In  C  F  P. 7 

SFG  CPA*  ,  (  Sl.S  ) 

In  C F  p  a 

SFG  S  L  f>  *  •  (LINK!  ) 

I  V  0 1  T  G  X 

SFG  S  L  7  *  ,  (l INK  |  ) 

IN  PFIVF 

sf*g  zn i*.  < si7 ) 

Im  ZGI-ORF  *OUTlN2f  ISHTFT 
SEC,  SK  V*,  (  Si  7  ) 


In  SKILTim 


S7. 

SEG 

SL  ft*, (LINK |  ) 

SR, 

IN 

OlJTp  I  N 

S9. 

SEG 

L I NK  2*  t (MN  ) 

60. 

IN 

PRE, LOADS. UNI  0 AD 

61  , 

SEG 

SI. PI*,  (LINK?) 

6?. 

In 

PHE  I 

63  , 

SEG 

SL22*, (LINK?) 

64  , 

In 

PRF  ? 

6S, 

SFG 

L  I  NK  3  * , (MN) 

66  , 

I  Ki 

ARP  AVS 

67  . 

SFG 

L I NK  4* , (MN) 

6R  . 

In 

BUCKIE 

69. 

SFG 

SI  Ml*.  (LINK4 ) 

70  , 

In 

ERAnD? 

71  . 

SEG 

SLu2*, ( L INK4 ) 

7?, 

IN 

EIGEN 

73. 

SEG 

51.43**  (LINK4  ) 

74, 

IM 

fcPAMD 

75. 

SEG 

LINKS*, (MN) 

76. 

I  M 

mode  i 

77, 

SEG 

LINKS*, (MM) 

7fi, 

In 

PLOT  i 

ADDRFSS  LIMITS  OOIDOO  033647  04(1000  173  106. 
SEGMENT  load  TABLE  040000  040??7 
INDIRECT  LOAD  TABLE  04UP30  04|IS6 
STARTING  ADDRESS  0?C?6? 


WOPDS  DECT M£t 


13736.  THANK 


46663  DRANK 


IBANK  SEGMENTS  DRAWN  TO  SCALE!  200  WORDS  DECIMAL  PER  DASH 


MN  ( 8782 ) 


LINKI*  (170s) 


SLI*  (48Q) 
SL2*  (294) 


SL3*  (  1210) 


GEO  I  *  (?P4) 
GE02*  (6S  n 


6E03*  HIS) 


6E04*  ( ' 3?0 ) 


GEOS*  H27) 


SL4*  (200) 


RG*  (3S6) 
ZT*  (194) 


LD*  ( 20  I S ) 


GT*  (222) 

m 

SLS*  (2047) 


CR2*  (821) 


CB3*  (316) 

m 

C«4*  (612) 


CBS*  (739) 


C96*  (309) 


CR7*  (612) 


CB8*  (  I  203  ) 


SL6*  ( 191 ) 

m 

SL7*  ( 2S6 ) 

m  m 

ZOI*  (703) 
SKY*  ( 1603) 
SL8*  (I7S9) 


C-8 


LINK  2*  (64*5) 
Sl_  ?  I  * 


SI. 2?*  (1269) 


link  3* 

•rn  m 

(  4844  ) 

l I Nk 4* 

(  4  UP  ) 

SL4  1  * 

(1477) 

SL  42* 

(S3?) 

SL4  3* 

(  »?S7) 

l  1  N  K  S  * 

<?4 16) 

LINK  6* 

<  3R?i  ) 

DRANK  SEGMENTS  0  R  A  N  M  TO  SGAIE:  700  WORDS  0  F  C  T  M  A  l_  PCR  DASh 

MN  (  I  4  Pi  3  ' j  ) 

i  ink i*  ;  m?mr» 

SL'*  (634) 

SL2*  (70) 

SI  3*  (S  |  7  ) 

CEO  I*  (  4  |  ) 

CFG?*  (234) 

GFrn*  (347) 

GF04*  (420) 

GRIS*  (M6) 

SI.  4*  (Is) 

•»G*  (20?) 

Z  T*  (  3S  ) 

LG*  (67b) 


C-9 


GT  *  (7S) 


SLS*  (7S*) 

C*?*  (  IS7  ) 

CPI*  (118) 

CRU*  (H8) 

CBS*  <SI9) 
f.Bfr*  (81) 

CR7*  (361) 

CR8*  (  6S2  ) 

SI  6*  (lift) 

SI. 7*  (10) 

ZOl*  (469) 

SKY*  (6?1) 

SLR*  ( 7 1S6 ) 

L INK?*  ( ?627? ) 

S|.?l*  (790) 

SI??*  (44?) 

•m 

L  I VK 1*  ( 39474  ) 

L l OK4*  ( lO^c  I  I 

SI.  4  |  * 
SL4  2* 
SI.  4  }* 

L  I f  ►  S  «  I  ?  (j  I  1 0  ) 

L  r.f  6*  .  IS7F-0  ) 


SYS$*BLIR*.  t  EVTl.  S 7 

END  OP  COlt  EC  T 1 014  -  iT-^b  II,  ^2  l  SFC^YPS 


0P&CK 

FUPPHR  002  I -02/  I  I  -09:  I  1 

c-io 


(  S 9?  ) 
(  10P  I 
(  6S6  ) 


APPENDIX  D 


RECENT  BOSOR4  UPDATES 
INCLUDING  NEW  PLOTTING  PACKAGE 


NEW  PLOTTING  CAPABILITY  IN  BOSOR4 


The  main  purpose  of  Appendix  D  is  to  demonstrate  an  additional  plot  capability  added 
to  BOSOR4  just  before  the  User's  Manual  went  to  press.  Figures  D-l  through  D-7  show 
additional  plot  output  corresponding  to  the  test  cases  given  in  Appendix  A.  No  additional 
input  data  are  required  for  obtaining  this  plot  output.  Figure  D-8  shows  some  plot 
output  from  a  new  case  involving  a  ring-stiffened  cylinder.  The  purpose  of  this  figure 
is  to  show  that  portions  of  the  geometry  can  be  selected  for  expanded  plots.  However, 
in  order  to  obtain  expanded  plots  the  user  must  provide  a  few  additional  input  control 
parameters  which  are  not  given  on  page  B-2  nor  defined  on  page  B-3.  The  affected  "cards" 
are  given  below: 


SECOND  AND  THIRD  CARDS  NOW  READ 

CORRESPONDING  INPUT  FOR  EXPANDED 
PLOTS 

•  Read  INDIC,  NPRT,  N LAST ,  ISTRES, 

•  Read  INDIC,  NPRT,  NLAST,  ISTRES, 

IPRE 

IPRE,  JPLOT 

If  (JPLOT.  EQ.0)  go  to  5 

•  Read  (KPLOT(I),  1=1, JPLOT) 

•  Read  (LPLOT(I), 1=1, JPLOT) 

5  Continue 

•  Read  NSEG,  NCOND,  IBOUND,  IRIGID 

•  Read  NSEG, NCOND, IBOUND, IRIGID 

Definitions: 

JPLOT .  quantity  of  stations  at  which  expanded  plots  are  desired. 

(maximum  =  20)  (With  JPLOT  =  0  no  expanded  plots 
are  given,  but  the  entire  undeformed  and  deformed 
geometry  are  shown. ) 

KPLOT(I)  ....  location  of  the  Ith  station  for  which  expanded  plots 

are  desired.  Example:  001053  denotes  Segment  #1, 
mesh  point  #53 

LPLOf(I)  ....  factor  by  which  entire  structure  should  be  magnified  for 

expanded  plots  about  the  1th  station  identified  by  KPLOT(I), 
Example:  000004  denotes  a  factor  of  4, 


D-l 


The  input  data  for  expanded  plots  corresponding  to  Fig.  D-8  are: 

JPLOT  -  2 

KPLOT(l)  =  001022  KPLOT(2)  =  002022 

LPLOT(l)  =  000004  LPLOT(2)  =  000008 

With  these  data  the  22nd  mesh  point  in  £  nt  #1  is  placed  approximately  at  the 

center  of  the  frame  and  a  portion  of  the  struc  .boat  that  point  is  plotted,  however 
much  can  be  fit  into  the  frame  given  the  magnification  factor  of  4.  Then  the  22nd  mesh 
point  of  Segment  #2  is  placed  in  the  center  of  the  next  frame  and  a  portion  of  the  struc¬ 
ture  about  that  point  is  plotted,  however  much  can  be  fit  into  the  frame  with  the  magnifi¬ 
cation  factor  of  8. 

The  points  shown  on  the  plots  are  the  "energy"  points  (See  Section  6),  not  the 
w-points.  The  deformed  structures  are  p.  3tted  by  means  of  a  normalization  through 
which  the  maximum  amplitude  of  the  deformation  represents  approximately  ten  percent 
of  the  longest  dimension  of  the  structure.  Therefore,  the  user  is  cautioned  not  to  use 
these  pictorial  representations  for  quantitative  measurement.  Their  purpose  is,  of  course, 
to  give  the  user  a  better  physical  picture  of  what  is  going  on  and  to  help  him  correct 
any  mistakes  in  the  input  data. 

Note  in  Fig.  D-4  that  the  line  load  H  is  shown  pointing  outward,  but  that  the 
displacement  w  is  inward.  The  reason  for  this  apparent  anomaly  is  that  the  actual 
line  load  is  given  as  a  product  of  two  quantities,  H(I)  and  the  circumferential  distribution, 
in  this  case  PLINl(L.l).  In  this  case  PLIN1(L,1)  is  negative  and  H(I)  is  positive. 

(See  Tables  1. 2  and  1.  3  for  other  examples). 

Figure  D-12  shows  a  case  of  a  cylinder  with  various  line  loads  and  moments,  both 
"fixed"  and  "variable"  (or  in  this  case  "initial"  and  "incremental").  The  plots  show  the 
attachment  points  of  the  discrete  rings  and  the  locations  of  the  ring  centroids,  as  well  as  the 
directions  of  the  applied  loads. 


USE  OF  BOSOR4  FOR  THE  ANALYSIS  OF  COMPLEX  PANELS 


BOSOR4  can  be  used  for  the  stress,  buckling  and  vibration  analysis  of  prismatic 
structures  as  well  as  shells  of  revolution.  Complex  panels  are  an  example.  Figure  D-13 
shows  examples  of  two  models  of  corrugated,  semi-sandwich  panels,  one  in  which  the 
troughs  of  the  corrugations  are  considered  to  be  bonded  to  the  flat  skin,  and  the  other 
in  which  they  are  riveted.  Alternate  models,  in  which  the  panel  is  t  reated  as  a  giant 
annulus  rather  than  a  giant  cylinder,  appear  in  Fig.  D-14.  In  this  figure  the  length  L 
is  the  half -wavelength  of  the  buckling  pattern  in  the  circumferential  direction  of  the 
large  annulus.  Simple  support  conditions  are  imposed  at  the  inner  and  outer  radii  of  the 
giant  annulus.  The  user  has  no  choice  as  to  boundary  conditions  on  the  other  two  edges, 
as  these  are  the  classical  "simple  support"  conditions  which  result  from  the  harmonic 
variation  of  the  buckling  modal  displacements  around  the  circumference  of  the  giant 
annulus. 

Figures  D-9  and  D-10  show  the  semi-sandwich  corrugated  panels  with  local 
expansions.  Note  in  the  case  of  the  riveted  panel  that  parts  of  the  corrugations 
"penetrate"  parts  of  the  flat  sheet,  a  phenomenon  which  of  course  is  impossible  in 
reality.  However,  if  the  mode  shape  in  Fig.  D-10  is  multiplied  by  minus  one,  the 
right-hand  mode  shape  shown  in  Fig.  D-14(e)  results.  This  failure  is  clearly  possible. 

Figure  D-ll  shows  buckling  modes  of  an  odd-shaped  branched  column,  called  the 
"NACA-Y".  In  all  of  these  cases  the  structures  are  submitted  to  axial  compression 
and  the  INDIC  =  4,  IPRE  =  0  branch  of  BOSOR4  is  used. 
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Fig.  D-3  TEST  CASE  *3;  SIMPLY- SUPPORTED  FLAT  PLATE  WITH  UNIFORM  LOAD  n  (Fig.  28) 
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Fig.  D-8  RING-STIFFENED  CYLINDER  SHOWING  EXPANDED  REGIONS 
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Ling,  UNIFORM  EXTERNAL  BUCKLING  (Fig.  36) 
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Fig.  D-9  BONDED  PANEL  UNDER  AXIAL  COMPRESSION 
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Fig.  D-IO  RIVETED  PANEL  UNDER  AXIAL  COMPRESSION 
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Fig.  0-1 1  BRANCHED  COLUMN  BUCKLING.  COMPRESSIVE  FORCE  NORMAL  TO  PLANE  OF  PAPER 
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Fig.  D -12  B0S0R4  PLOT  OUTPUT.  SHOWING  DISCRETE  RING  ATTACHMENT  POINTS,  CENTROIDAL  AXES,  AND  APFL! 
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Fig.  D-13  Corrugated  Panel  Model:  (a)  Cylinder  With  Large  Radius,  (b)  Segmented  Bonded  Model,  <c)  Detail 
of  Branches,  Bonded  Model,  (d)  Segmented  Riveted  Model,  (e)  Detail  of  Branches,  Riveted  Model 
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